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V.—ON THE DISTRIBUTION OF PELAGIC INVERTEBRATE 
FAUNA OF THE FIRTH OF FORTH AND ITS VICINITY 
during the Seven Years from 1889 to 1895, both inclusive. By 
THomas Scort, F.L.S., Mem. Soc. Zool. de France. (Plates IV., 
V1, Vil.) 
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INTRODUCTORY. 


The scientific investigations that have until recently been carried on in 
the Firth of Forth, and also outside the limits of the estuary, included 
among other things the examination of the various groups of pelagic in- 
vertebrates that form so important a part of the food of fishes. The 
examinatiop. was carried on chiefly in connection with the trawling opera- 
tions of the Garland, the steam cruiser set apart specially for scientific 
work. ‘The trawling experiments of the Garland were made over certain 
fixed portions of the estuary and neighbourhood which were denominated 
“stations.” The method adopted for the examination of the pelagic in- 
vertebrates was somewhat as follows :—During the time that each station 
was being trawled two tow-nets were kept constantly at work. One of 
these was towed at about half a fathom below the surface of the water, 
and was distinguished as the surface tow-net ; the other was fastened to 
the end of the beam of the trawl in such a way as just to clear the 
bottom, and was distinguished as the bottom tow-net. Sometimes other 
nets were used at intermediate depths, but not with the same regularity 
as the first two, The gatherings collected with these mid-water nets are 
therefore not specially referred to in this paper. The tow-nets at first in 
use were comparatively of small size, but subsequently a larger kind, 
somewhat similar to those that had been used on board the Challenger, 
were adopted, and are still used in connection with the Board’s scientific 
work. 

At first nine experimental stations were selected for the carrying out of 
special scientific work, but this number was afterwards increased toten. It 
has no$, however, been considered necessary for the purposes of this paper 
to tak¢ note of the published statistics for all these stations, and therefore 
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six of them have been fixed upon as representative of the others—namely, 
Stations I., JIL, IV., V., VILL, and IX. Stations L and III. extend 
from the east side of Inchkeith eastward, and are comparatively near to 
each other. Station LV. is an inshore station, and extends for a consider- 
able distance round the ‘South Bay.” Station V. extends from May 
Island westward along the centre of the Firth till nearly abreast of Elie. 
Stations VIII. and IX. are beyond May Island, and outside the limits 
of the estuary. 


The results obtained by the use of the tow-nets were at first recorded in 
a somewhat general form, but as the work proceeded the differentiation 
of the various organisms became less difficult, and made it possible for a 
more detailed description of the results being placed on record. It will 
be obvious, therefore, that in the study of the distribution of the pelagic 
invertebrates the earlier records will not be so useful as those of subse- 
quent date. Moreover, the investigations were not carried on during the 
first year or two so continuously as they were afterwards, and for these 
reasons I propose to limit the consideration of the pelagic invertebrates to 
those collected (by means of the surface and bottom tow-nets already 
described) during the seven years from 1889 to 1895 inclusive, and 
recorded in the several Annual Reports for these years. 

But though the examination of the pelagic invertebrates within the 
area under consideration was carried on more or less continuously and 
regularly during the years referred to, there are times when, for various 
reasons, no tow-net gatherings were collected, and for which there are no 
records, so that the records for some years are less complete than for 
others. In 1889, for example, there are no records of tow-net gatherings for 
any of the stations in March, April, and December; in 1890, in January 
and June; in 1892, in August; in 1894, in March, May, July, Sep- 
tember, and October; and in 1895, in March, June, and November. 
Moreover, there may be records for a particular month for some of these 
stations and not for others. Thus in 1889 though there are records for 
October for Station I. there are none for any of the other stations ; but 
while that is so there are still a large number of statistics available for at 
least a partial study of the distribution of the pelagic invertebrates of the 
Firth of Forth. 

The time available for the preparation of this paper did not permit of 
the detailed consideration of every species or kind of invertebrate re- 
corded in the lists of tow-net gatherings, so that only those that are of 
numerical importance, or that are otherwise of importance from a fisheries’ 
point of view, are so dealt with, while an endeavour is also made to 
invite attention to any interesting point observed in connection with the 
distribution of the other species. ‘Tables illustrating in time and space 
the distribution of these pelagic forms are introduced wherever they are 
considered necessary. 

Moreover, four charts are added at the end of the paper for the pur- 
pose of supplementing and extending the information given in the Tables 
concerning the distribution of a few of the more, numerically or other- 
wise, important species or groups of invertebrates comprised in the tow- 
net lists. These charts not only show when and where the species was 
abundant, or scarce, or absent, but they also allow of a comparison being 
made between the surface and bottom distribution of the species. The 
importance of this will be evident when it is remembered that though a 
Species may be rare at the surface it may at the same time be common or 
even abundant at the bottom, as well as vice versa. © 

It may further be stated that in proceeding to consider the distribution 
of the invertebrates mentioned in the various lists of tow-net gatherings 


of the Fishery Board for Scotland. 155 


collected at the six selected stations during the seven years, those that are 
higher in the scale of classification are referred to first, and afterwards 
those that are lower. . 

It may also be as well to state that there has been a considerable 
advance in the knowledge of marine zoology since the Garland com- 
menced work in the Firth of Forth twelve years ago,* and one of the 
results of this advance has been the introduction of many changes in the 
nomenclature of marine organisms. Owing to these changes several of 
the names mentioned in the Garland’s tow-net lists are replaced by those 
that are now considered to be the rightful designations of the species to 
which they refer; and one advantage of this alteration will be that the 
results of the tow-net work of the Garland will be brought more into line 
with present-day knowledge. 


INVERTEBRATES CAPTURED BY THE TOW-NETS. 


The invertebrates captured by means of the surface and bottom tow- 
nets during the seven years from 1889 to 1895, at the representative 
stations already referred to, comprised a large number of forms of differ- 
ent kinds, but many of these were only of rare occurrence. The greater 
proportion by far of the contents of all the tow-net gatherings consisted 
of only a few species, which may be summed up as follows :—Schizopoda 
(Thysanoessa chiefly, Lrythrops) ; Amphipoda (Hyperia, Hyperoche, and 
Parathemisto) ; Copepoda (Calanus, Temora, Acartia) ; Sagitta ; Ccelen- 
terata (Pleurobrachia, Beroé, and others); and young Crustacea (Deca- 
poda, Schizopoda, and Cirrepedia). Before proceeding to discuss the 
distribution of these six groups, as brought out by an examination of the 
tow-net records, I propose to refer briefly to several of the more uncommon 
forms which have been captured from time to time at the selected stations 
and during the years already specified. 


(1.) Tae Moxivsca, 


There are very few records of Mollusca which have been captured by 
the tow-nets, and only two really pelagic forms have occurred. The 
Mollusca recorded comprise two small Zolis, the species of which was not 
determined. One was obtained in the bottom tow-net at Station V. in 
1891, and the other at Station I. in May 1895; also Doris (?) repanda, 
which was obtained in the bottom net in November 1890 at Station III., 
and Doto coronata, obtained in December 1890 at Station IV., also in the 
bottom net. A few species of Cuspidaria cuspidata are recorded under 
Station [X., having been brought up in the bottom tow-net at that station 
in April 1893, but the presence of this species was owing, no doubt, to 
the net having accidentally dipped into the mud at the bottom. The two 
pelagic species are the Pteropods Limacina retroversa and Clione borealis. 
The first is recorded on two different occasions in 1890, having been ob- 
tained in April in the bottom tow-net at Station V., and in May in a 
surface-net gathering at Station I. It was also obtained in the bottom 
tow-net at Station III. in July 1891, and in the bottom tow-net at 
Station IX. in December 1892. The other (Clione borealis) was captured 


* It is pleasing to know that the little steamer belonging to the Fishery Board for Scot- 
land has had some share in promoting this advance, though perhaps the time has not yet 
come for the full appreciation of the Garland’s work. 
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in the surface tow-net at Station III. in January 1889, in the bottom 
tow-net at Station V. in November 1893, and in the surface net at Station 
VIII. in December of the same year. Limacina retroversa is a very 
generally distributed species, but seems to be more common on the West 
than it is on the East Coast. On the West Coast it sometimes occurs in 
immense shoals, and at times forms a considerable part of the food of the 
herring. I have found the stomachs of herrings sent to me from the 
West Coast for examination filled with little else than these Pteropods, 
numbers of which appear to have been swallowed wholesale, as some of 
the shells were practically uninjured. Clone, which has no shell, is a 
northern species, and is a rare visitant to the Firth of Forth. All the 
three recorded instances of its occurrence happened during the winter 
months. This was probably owing to the temperature of the water at 
that season being more favourable to its wandering habits, or the speci- 
mens may have been carried south by currents coming down from the 
North Atlantic. Another point connected with the capture of the Clione 
is, that on the two occasions in which it occurred in the surface tow-net 
the surface of the sea was smooth or but slightly disturbed, but on the 
occasion when it was found in the bottom tow-net the weather was 
stormy and the sea rough. 


(2.) THe CRUSTACEA, 


(a) Decapopa. 


The Decapoda captured by the tow-nets comprised the following 
species :— 


Macropodia rostrata (Linn.), 


Crangon allmanni, Kinahan, Hippolyte jascigera, Gosse, 
Ligeon fasciatus, Risso, Spirontocaris pusiola (Kroyer), 
Cheraphilus nanus (Kroyer), Pandalus montagui, Leach, 
Hippolyte varians, Leach, Pandalus brevirostris, Rathke, 


all of which, with the exception of the first, belong to the Carida. They 
were all captured in the bottom net at various times and at one or more 
of all the selected stations. 


Macropodia is only recorded twice during the seven years—once in 
October 1890, from Station IV., and again from the same station in 
August 1891. 


Crangon allmanni occurred more frequently than any of the Decapods 
mentioned, and there are records of its capture with the bottom tow-nets 
in all but one of the seven years, 1889 being the only year in which no 
distinct record of the species occurs. In 1890 it is recorded twice, once 
in February and once in November, both records being for Station V. 
It is also recorded twice in 1891, once in March for Station V. and in 
September for Station III]. There are seven records for 1892—viz,, in 
January, March, and November for Station I., in February for Station 
IIl., in February for Station IV., and in January and February for 
Station V. There is only one record for 1893—viz., one for Station V. in 
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November. In 1894 there are three records, one in February for Station 
IX., and in August one each for Stations I. and III. In 1895 there are 
six records, one in February for Stations III., 1V., V., and VIII., and one 
in September for Stations VIII. and IX., or twenty-one records in all for 
this species of Crangon. Nine (or nearly 43 per cent.) of the records 
are for February alone, and if those for January and November are 
included they amount to two-thirds of the whole number, the other 
records being divided almost equally among the three months March, 
August, and September, 


Egeon (Crangon) fasciatus is only recorded once during the seven 
years—viz., for Station III. in September 1891. 


Cheraphilus (Crangon) nanus. There are several records of this species 
during the prescribed period. ‘Three of these occur in 1891, one in March 
for Station I. and one in the same month for Station V. The third 
record occurs in September for Station III. In 1892 there are four 
records, two for Station I. in January and March, one for Station ITI. in 
February, and one for Station V. in January. There is one in February 
1894 for Station ITI., and one‘in the same month of 1895 for Station 
VIII., or nine records in all for Cheraphilus nanus, and, with the excep- 
tion of the one in September for Station III., they all occur in the colder 
months. 


Hippolyte varians. There is but one record of this specles—viz., in 
December 1890 for Station V. 


Hippolyte fascigera. This species is recorded for Station VIII. in 
January 1894, and in February 1895 for the same station. 


Sptrontocaris (Hippolyte) pusiola is recorded only once—viz., in 
February 1895 for Station IV. 


_Pandalus montagui (= P. annulicornis of Bell’s Stalk-eyed Crustacea). 
The number of records for this species 1s seven, one for Station VIII. in 
February 1890 ; one in September 1891 for Station III. In 1892 there 
is one record in January for Station I. and also for Station V., and one 
“in February for Station III. In 1893 there is one for Station Nien 
_ November, and one in February 1895 for Station VIII. 


Pandalus brevirostris. For this species there are two records, and both 
are for 1891; one is for Station V. in March, and the other for Station 
ITI. in September. 


It thus appears that nine species of named Decapod Crustacea have 
been captured during the six years from 1890 to 1895 (one or two Deca- 
pods are recorded for 1889, but only by their generic names, and are 
therefore not included here). These nine species were all captured with 
the bottom tow-net—not a single instance is recorded of the occurrence of 
any of them in the surface nets. The records for the whole nine species 
for the six years number 46. They are tabulated under eight out of the 
twelve months, and are characterised by the great majority of them being 
included in the statistics for the five months that are usually the colder 
months of the year. The subjoined formule will show some of these 
details more clearly :— 
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(1) The months in which 
the capture of Deca- } Jan. Feb. Mar. Aug. Sept. Oct. Nov. Dec. 
poda are recorded 


Number of records for 
each of the months i ee 26 2 7 \| A at 
for the seven years 


(2) The Stations where 
the Decapoda were Ree TEL. (LV 2 Va Vala 
captured 


Number of records for } of Atha 5 13 7 3 
each station 


The number of records for February alone is 17, or 27 per cent. of the whole;. 
and the number for the five colder months, January, February, March, 
November, and December, is 35, or fully 76 per cent. ‘The reason that 
these Decapods are found usually in the bottom tow-nets, and not in those 
worked at the surface, is that they are veritable bottom feeders ; and were 
it not for their peculiar habit of springing upward as well as backward 
when disturbed, their capture would be much less frequent. When any 
suspicious object is approaching these Crustaceans (I refer to the Carida 
or “shrimp” group) they face round towards it and intently watch its 
movements, and at the same time swim gently backwards, or they may at 
once bury themselves in the sand or mud. If the danger, however, 
should approach them suddenly, they spring quickly backwards and also 
obliquely upwards, and it is then that they come within the sweep of the 
bottom tow-net. But though the occurrence of these organisms in the 
bottom tow-net may be thus more or less satisfactorily explained, the 
reason for their being captured chiefly during the colder months seems to 
be less easy of explanation. It may be observed, however, that only five 
of the records are for the inshore station, and that about half of the total 
number are for Stations III. and V., the two stations in the middle of the 
estuary, the one extending east from Inchkeith the other west from May 
Island. 


(6) ScHIzopoDa. 


The Schizopoda are well represented as regards the number of species, 
and a few of them, especially those of the Euphausiide, appear to have 
been at times pretty numerous at the station under consideration. The 
Schizopods referred to in the records and distinguished by their names are 
the following :—* 


EUPHAUSIID&. 
Boreophausia raschit (M. Sars). Thysanoessa neglecta (Kroyer). 
MYSID&. 
Siriella jaltensis, Czern. (=Siriella Leptomysis gracilis, G. O. Sars. 
crassipes, G. O. Sars). a lingoura, G. O. Sars. 
»  armata (M. Edw.). Heminysis lamornee (Couch). 
Gastrosaccus spinifer (Goés). Macropsis slabbert (Van Ben.). 
Heteromysis formosa, 8S. I. Smith. Praunus flexwosus (Miiller). (= 
Lrythrops goésit, G. O. Sars. Mysis chameleon, Varg.).. 
Mysidopsis didelphys (Norman). 5,  enermis (Rathke). 
" gibbosa, G. O. Sars. Schistomysts spiritus, Norman. 
m angusta, G. O. Sars. i ornata (G. O. Sars). 


Neomysis vulgaris (J. V. Thompson). 


* The names and their arrangement are in accordance with Rev. A. M. Norman’s. 
revision of the British Schizopoda, published in the ‘Annals and Magazine of Natural 
History’ for June, August, and September 1892. 
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Owing to the difficulty of distinguishing the species of Schizopoda off- 
hand, their occurrence is frequently recorded in the lists of tow-net fauna 
simply under the family names, “‘ Ephausiide” or ‘‘ Myside,” or the 
generic names ‘ Boreophausia sp.,” “ Mysis sp.,” as the specimens 
observed happened to belong to either group ; and before taking up the 
consideration of the detailed species, jt is proposed to consider briefly the 
distribution of the Schizopoda under these names, as follows :— 


THe Evenavusiipm.—The records of the Schizopoda under the name of 
Euphausiide or Boreophausia sp. amount to one hundred and twelve for 
the seven years, and taking the one year with the other, they are distributed 
over all the twelve months; but the largest number occur in the first four 
and the last three months, as indicated by the Table annexed, which 
shows the number of the records of the Euphausiide that are referred to 
simply under their family or generic names for each station, and for each 
month of the year for all the seven years. 


Taste I., showing the Distribution of the Euphausiide, as indicated by 
the Records for the Years, Months, and Stations :— 
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Of these records thirty-one are for the Euphausiide observed in the 
surface tow-nets, while the other eighty-one are bottom tow-net records. 
In few of the surface gatherings were Euphausiide frequent or common, 
but in a number of the gatherings collected with the bottom tow-nets they 
were fairly numerous. The results brought out by these Tables regarding 
their distribution are referred to further on in connection with the 
detailed account of the different species. . 

Meanwhile I proceed to notice the records of the second group of the 
Schizopoda as they appear under the general name of Mysis sp. or Myside. 
I find that there are only thirty-three separate notices of Myside, and 
three of these are entered under the name Leptomysis sp. The reason for 
this is that most of the Myside were usually not so plentiful, and 
were identified at the time or shortly after they were collected. The 
records of Myside, though few in number, show a distribution very 
similar to the Euphausiidee—that is, they occur chiefly among the statistics 
for the colder months. There are no records of Myside for. the three 
summer months, while those for February, November, and December 
are together equal to 71 per cent. of the whole number. I shall now 
leave these more general groups for the present, and proceed to consider 
‘the distribution of those forms recorded under distinctive specific names, 

L 
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(7.) The Euphaustide. 


Boreophausia raschit. The records of this species are comparatively 
few, and are all included in the statistics for 1889 and 1890. In 1889 
there are eleven records of this species, one each for Stations I., III., and 
IV. in January, one each for Stations I. and V. in February, and one 
each for all the six stations in November. There are three records for 
1890, one each for Stations I, and VIII. in February, and one for Station 
LV. in March. 


Thysanoessa neglecta. This is the Schizopod that is usually referred 
to in the records as ‘‘ Thysanoessa sp.” It was observed in 1891 at 
Station III. in October, and again at the same station in November ; it 
was also observed in November at Stations V. and VIII. In 1892 the 
records for Zhysanoessa are as follows:—For Station I, in September, 
and again in November and December ; for Station III. in December, and 
in the same month at Station IV.; at Station V. in October, and again 
in November and December ; once at Station VIII. in October, and on 
two different occasions in December (on one of these occasions the species 
was observed in both the surface and bottom tow-nets) ; at Station IX. 
it was also taken twice in December, one on the 2nd and again on the 
22nd. There are only two records for Thysanoessa in 1893—viz., in 
January for Station III. and in September for Station I. The only 
records in 1894 are two in December, when the species was taken in 
both the surface and bottom tow-nets at Station III. In 1895 there 
is no distinct record for Thysanoessa, and it probably was not observed 
during that year. 


(it.) The Myside. 


Striella jaltensis. (This is equal to S. crasstpes, G. O. Sars, of earlier 
papers.) There is but one record for this among the faunal lists for the 
seven years ; it was obtained at Station V. in March 1893. 


Siriella armata is another species that is seldom met with in the Firth 
of Forth, and only one record of it is published in the lists of tow-net 
fauna of the selected stations ; it occurred at Station III. in March 1892. 


Gastrosaccus spinifer, There are records of this species from one 
or other of the selected stations for all the seven years except 1891. 
The first record is for Station VIII. in November 1889. In 1890 the 
species is recorded for Station VIII. in December, and for Station IX. 
in August. In 1892 for Station I. in January, and Station V. in 
March. There is only one record in 1893—viz., for Station I. in 
January, and one in 1894 for Station III. in February. In 1895 there 
are two records, one for Station ILI. in February, and one for Station 
VIII. in December. 


Heteromysis formosa is one of the rare species recorded for the Firth 
of Forth, and has only been observed twice during seven years—viz., at 
Station I. in August 1894, and at Station IV. in February 1895. 


Erythrops goésit. This Mysid, though not known to occur in Britain 
previous to the institution of the Board’s scientific investigations, is the 
most common of the Myside in the seaward part of the Forth estuary, 
and there are several records of it for all the selected stations, In 1889 it 
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is recorded in January for Station III., in February for Station [., and in 
November for Station VIII. In 1890 there are records of it for Station 
I. in October and November; for Station V. in February, Septem- 
ber, November, and December ; for Stations VIIT. and IX. in February, 
and again in April; for Station [X. in August ; and for Station VIII. in 
December. In 1891 the records include one for Station I. in March, and 
for Station III. in September and November, and for Station V. in March 
and Station VIII. in June. In 1892 Erythrops is recorded for Station 
I. in January, March, and November, and for Station III. in February. 
It is also recorded for Station V. in January, February, March, May, 
September, and December ; for Station VIII. once in March and Septem- 
ber, and twice in December; and for Station IX. in May, July, and 
December. The records for 1893 are comparatively few in number, and 
include one for Station III. in December, one for Station V. in March and 
November, for Station VIII. in December, and Station IX. in February 
and October. In 1894 there are only three records, one for Station ILI. 
in February, and two for Station V., one each in February and August. 
There are several records for 1895, and they are distributed as follows :— 
One for Station I. in April, one for Station III. in February, and again 
in October, one for Station V. in February, one for Station VIII. in 
February, May, and December, one for Station IX. in April, and one 
each for Stations VIII. and IX. in September. The annexed Tables 
show (1) the number of records for the months and years and (2) the 
number for the years and stations. 


Taste II., showing the Distribution of Erythrops goésit, as indicated 
by the Records for the Years, Months, and Stations :— 
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Mysidopsis didelphys. There are only three records for this species, 
one for Station VIIT. in December 1890, and two in March 1891—one for 
Station I. and another for Station V. 


Mysidopsis gibbosa is recorded for Station III. in January 1889 ; for 
Station IX. in August 1890; for Station I. in March 1891, and for 
Station III. in January and September of the same year. In 1892 there 
is a record for Station I. in January and Station IV. in March, while 
the only record in 1894 is one for Station IIT. in February. 
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Mysidopsis angusta. The only records of this species are all for 1890 
except one, and comprise one for Stations I. and III. in October, and 
one for Station V. in October, November, and December in 1890, and one 
for Station III. in 1891. 


Leptomysis lingoura is recorded once during the seven years—viz., for 
Station IIL. in March 1892. 


Hemimysis lamorne. This Schizopod is recorded three times in 1892— 
viz., twice for Station [., once in January and once in March, and for 
Station TX. in December. The species is recorded again in 1893 for 
Station V. in January, and in 1895 for Station III. in February and 
Station VIII. in December. 


Macropsis slabbert, remarkable among British Schizopods for the 
length of the eye-stalks, is of frequent occurrence over a considerable 
portion of the Forth estuary, and specially in the upper reaches. While 
several of the species mentioned here may be regarded as only visitors, 
this appears to be a resident, at least in that part of the Firth which 
extends westward from Queensferry. In this part of the Forth, which may 
be considered the headquarters of the species on the East Coast of Scot- 
land, it may sometimes be found in large numbers, and its presence 
seaward may be due to the overcrowding in these waters causing a greater 
amount of migration to take place, though it is also possible that the 
species may be resident in the seaward as well as the landward part of 
the Firth. The records of the species that have to be noted in connec- 
tion with the present inquiry are the following :—The first reference to 
Macropsis occurs in February 1890 for Station IV., and again for the 
same station in March. There is no further record of it till October, 
when it is again recorded for that station and also for Stations I. and III. 
It is again recorded for the same three stations in November, and the 
November record for Station IV. is for both surface and bottom tow-nets, 
while the others are for the bottom tow-nets only. In 1891 there are 
records of this species for Stations III. and IV. in January, for Stations 
I. and III. in October, and in the same months for Station IV. The 
October record for Station IV. is for the surface tow-net. In July of 
the same year Macropsis is recorded as frequent in a surface tow-net 
gathering at Station VIII. in July, which seems to indicate a consider- 
able migration of the species seaward, either from the upper parts of the 
estuary or elsewhere. In 1892 it is recorded for Station I. in January 
and for Station IV. in March. In 1893 the first record is for Station LV. 
in January, while the next records are for Stations I. and III, the first 
being for November, the other for October. There are no records of 
Macropsis for 1894. The records for 1895 include one for Station III. 
in February and another for the same station in October. ‘There is one 
for Station IV. in February, and two for the same station in October, one 
for the surface tow-net and one for the bottom tow-net ; and another for 
the same station in December. 


Praunus flexuosus. This species, which is more familiar by its older 
name of Mysis chameleon or Mysis flexuosa, is, though a common one, in- 
frequent among the tow-net invertebrates from the selected stations. In 
1892 it is recorded for Station IV. in January and March; in 1893 for 
Station III. in December ; in 1894 for Station III. in February ; and in 
1895 for Station [V. in January, and for the same station in February. 
Praunus flecuosus was observed only among bottom tow-net gatherings, 
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Praunus (Mysis) inermis, The only records for this species occur in 
1895, in February, and comprise one each for Stations V., ee and 
2 a ail being bottom tow-net gatherings. 


Schistomysis spiritus. This species is recorded for Station IX. in 
November 1889; for Station I. in October 1890; and in the same 
year for Station V. in November and December. In 1891 it is recorded 
for Station I. in March, for Station IV. in January, and for Station V. 
in November. There are no records for 1892. In 1893 there is a record 
for Station III. in January, and one in February 1894 for the same 
station. There is no record of S. spiritus for 1895. 


Schistomysts ornata. This, which is one of the most richly coloured 
of the British Myside, is also at times moderately frequent in the Firth 
of Forth, and there are several records of its occurrence at most of the 
selected stations. The first record is for Station I. in August 1889. In 
1890 there are records of it for Station I. in October, for Station V. in 
February, November, and December, for Station VIII. in February, 
April, and December, and for Station IX. in February and October. In 
1891 it is recorded for Station I. in March, and for Station ILI. in 
September. It is also recorded for Station IV. in March and November. 
In 1892 it is recorded in January and March for the two Stations I. and 
V. There are no records for 1893. In 1894 it is recorded for Station 
III. in February. In February 1895 it is again recorded for Station 
III., and for Station I[V.in January. All the records are only for 
bottom tow-nets. 


Neomysis vulgaris. The only record for this species is one for Station 
IV. in December 1892, from the surface tow-net. 


Table III. shows the distribution of the whole of the species of 
Myside referred to in the preceding notes for the years and months and 
also for the stations; while Table IV. shows, in the same way, the 
distribution of the whole of the Schizopoda. 


TaBLe III., showing the Distribution of all the species of Mysidee 
for the Years, Months, and Stations. 
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TaBLE [V., showing the Distribution of the Schizopoda, as indicated by 
the Tow-net Records for the Years, Months, and Stations. 
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TaBLE LV.—continued. 
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It will be observed from the various Tables, and also from what has 
been already stated concerning the distribution of these crustaceans in 
the Firth of Forth district, that, generally speaking, they are much more 
numerous in the winter and spring months than in summer; and not 
only is it the case that a greater variety of species appear to be present 
in the estuary during those colder months, but it is evident that some of 
them at least are also individually much more numerous. The recorded 
results of the Garland researches, even during that part of the year 
which seems to be most favourable to the presence of these organisms, 
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shows that their movements are more or less erratic. On February 14, 
1890, Euphausiide are recorded as ‘‘common” in a bottom tow-net 
gathering at Station V., but at Station VII., a little to the south of 
Station V., trawled the previous day, they are described as “ very rare,” 
while, on the other hand, the Mysidse weré more common, and in much 
greater variety, at this station. Moreover, at Station I., which is in line 
with Station V., but a little farther west, and also at Stations IL., IIL, 
and IV., which were all tow-netted within a few days of each other, 
Kuphausiide are either altogether absent from the tow-net lists or they 
are described as “rare.” These Schizopods were again present in the 
Forth in considerable numbers in the following March; they were 
common at Stations I., IIL, IV., VIII, and IX., but few or rare at 
Stations II., V., VI, and VII. During the following summer 
Euphausiide were entirely absent from, or were very scarce in, the 
tow-net gatherings which were then collected; but the records for the 
ensuing month of October describe these organisms as frequent at some 
of the stations during that month, and they continue to be represented 
in the tow-net gatherings in varying numbers, from one or other of the 
stations, all through the winter and on to the spring of 1891. During 
the summer and winter months of that year comparatively few records of 
the Kuphausiide occur in the lists of tow-net gatherings, and not till the 
beginning of 1892 is there much increase in the number of the records ; 
but, though in February and March there is a decided increase, the 
captures of them even then are usually described as “few” or “rare.” 
With one or two exceptions, Schizopods continued to be scarce in the 
tow-net gatherings till the winter of 1893-94, when they appear to have 
become more than usually numerous, and, in a considerable proportion of 
the gatherings collected during December and January of that winter, 
they are referred to as ‘‘common” or “ frequent.” With the advent of 
summer, however, and from that time on into 1895, the numbers of these 
crustaceans are again considerably reduced. From a study of all the 
facts at our disposal in the published records in the Fishery Board’s 
Annual Reports for 1889 to 1896, there seems to be a fair amount of 
evidence tending to show the existence of a more or less regular yearly 
increase and decrease in the numbers of Schizopoda present in the estuary 
of the Forth, but the reason of this increase and decrease is not sufficiently 
clear to permit at present of a satisfactory explanation. 

Besides this apparent yearly variation referred to, there also appears 
to be a fluctuation, which may or may not be regular, that extends over 
a longer time. I refer to the presence of Schizopoda in considerable 
numbers in the winter of 1889-90, and again in the winter of 1893-94 ; 
but to ascertain whether this variation is merely accidental or not would 
have required the investigations to be carried on over a much longer 
period than they have been. In considering this question of the seasonal 
variations of the Schizopoda, J have dealt mainly with the Euphausiide, 
because this family is the one most numerously represented in the Firth 
of Forth, and the one which has shown the greatest tendency to a regular 
periodic increase and decrease. The Myside, also, to some extent show a 
similar tendency to variation, but the variation is scarcely so well marked 
as in the case of Euphausiide. 


of the Fishery Board for Scotland. 167 


(c) CuMAcEa. 


The species of the Cumacea which have been identified are :— . 


Iphinoé trispinosa (Goodsir). Diastylus rugosa, G. O. Sars. 
Cumopsis goodsirt (V. Beneden), Pseudocuma cercaria (V. Beneden). 
Leucon nasicus, Kroyer. Campylaspis rubicunda, Lilljeborg. 


Eudorella truncatula (Spence Bate), Petalosarsia declivis, G. O. Sars. 


Others are recorded simply under the family or generic names. As 
these crustaceans usually live on or close to the bottom of the water, the 
records of them in the tow-net lists are, as might be expected, compara- 
tively few, and may be briefly stated as under :— 


Iphinoé trispinosa is only recorded for Station I. in July 1889, and 
for the same station in February and July in 1890. 


Cumopsis goodsirt. The only record for the species is for Station III. 
in September 1891. 


Leucon nasicus. In 1890 this species is recorded for Station I. in 
Apri, for Station V. in March, and for Station VIII. in December ; in 
1892, for Station V. in April, and for Station VIII. in May 1895. 


Eudorella truncatula. The records tor this species are four in number, 
one for Station V. in September and one for Station VIII. in December 
1890; one for Station I. in February 1892, and one for the same station 
in June 1893. 


Diastylus rugosa is recorded under its full name only for Station I. in 
April 1890, and for Station V. in;:March 1891; but there are several 
records of Diastylus sp. included in the additional references to the group 
under the more general name of Cumacea, etc. 


Pseudocuma cercaria. This is a moderately common Cumacean, 
though, for the reason stated about the habits of these creatures, its 
name does not occur very frequently in the lists of tow-net fauna. The 
records are as follows:—In 1890 there are four in April—viz., one for 
Stations I., V., VIII, and IX., and it is recorded again for Station IX. 
in August and October. In 1891 there is a record for Station IX. in 
February, and for the same station again in September, and there is also 
one for Station VIII. in September. In 1892 there is a record for 
Station I. in January, and again for the same station in September. 
There is only one record for 1893—-viz., for Station VIII. in April. In 
1894 there are records of Pseudocuma for Station V. in August, and for 
Station IX. in February and April; and in 1895 for Station I. in April 
and October, for Station III. in October, for Station V. in April and 
August, and in the same two months for Station IX. — 


Campylaspis rubtcunda. ‘This species, which at that time had not 
been recorded for Britain, was observed at Station IX. in April 1898, 
and at Station V. in 1894. 


Petalosarsia declivis, another rare Cumacean, was observed at the 
same time and place as Campylaspis. This concludes the records of the 
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named species, but there are several other records of Cumaceans under 
the more general names of Cumacea, Cuma, etc., which I shall now refer to. 

The records of Cumaceans under these general names are as follows :— 
In 1890 the first is for Station V. in March; in April there are records 
for Stations III., VIII., and IX., and for Station VIII. in December. 
In 1891 the records are—one for Station VIII. in February, for Station 
I. in March, for Station VIII. in April, and for Station III in 
November. In 1892 there is a record for Station VIII. in March, for 
Station IX. in May, for Stations V. and IX. in July, for Station VIII. 
in September, and for Station IX. in December. In 1893 there are 
four records of Cumacea—viz., two in June for Stations I. and V., one in 
August for Station V., and one in October for Station IX. The only 
records in 1894 are—one for Station V.in February, and another for 
Station [X. in the same month. There are five records in 1895, one for 
Station IV. in February, one for Stations IJJ., VIII, and IX. in 
February, and one for Station VIII. in December. 

There does not appear to be any feature of special interest in the 
distribution of the Cumacea as brought out by the published records, 
except that a few of the species are rare or new in the British seas. 


(d) Isopopa. 


The next group of organisms that fall to be noticed is the Isopoda. 
This group is represented in the tow-net lists by six species, the names of 
which are as follow :— 


Gnathia (1) maaillaris (M. Edw.). Idothea emarginata (Fabr.). 
Hurydice pulchra, Leach. »,  lmearis (Linn.). 
Idothea baltica (Pallas). Janira maculosa, Leach. 


With the exception of Jdothea baltica, these Isopods were all 
extremely rare in the tow-net gatherings under consideration, and the 
records for them are as under :— 


Gnathia (1) maxillaris is recorded once in 1890, for Station VIII. in 
March. 


Eurydice pulchra is recorded in the same year for Station III. in 
November. 


Idothea baltica is recorded in 1889 for Station VIII. in February, and 
for Station IX. in January. In 1890 the same species is recorded in 
April for Stations IV. and V., and again for Station V. in October. In 
1891 it is recorded for Station I. in January and April, and for Station 
IV. in March. It is recorded again for Station IV. in May 1892. In 
1893 it is recorded in February for Station III., and in November for 
Stations I. and IV. In 1894 there is one record—viz., for Station LV. in 
April. In 1895 this Isopod is recorded in April for Stations L., IIL. IV., 
V., and VIIL, and for Station V. in September. It will be seen that nine 
out of the nineteen records of Idothea baltica, or fully 47 per cent., are 
for the month of April; and it has also further to be noted that, curiously 
enough, the whole number of the records, with only a single exception, 
are from surface tow-net gatherings. 
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Idothea linearis. ‘There is only one record for this spectes—viz., for 
Station IV. in January 1893, 


Idothea emarginata. There is also only one record for this species 
—for Station I. in May 1891. 


~ Janira maculosa is also only recorded once, for Station IX. in April 
1890. 


TaBLE V., showing the Distribution of the Isopoda :— 
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(e) AMPHIPODA. 


We shall now proceed to consider the Amphipoda recorded in the lists 
of tow-net fauna, and at the very outset we meet with a marked differen- 
tiation in regard to the distribution and numbers of certain of the species. 
Twenty-two species of the Amphipods mentioned in the lists of tow- 
net gatherings are more or less fully defined by name. The distribution, 
as regards the numbers and the frequency of three of the species, is so 
different from the others as to indicate a more or less decided difference 
in their habits and mode of life. The three species I refer to are Hyperia 
galba, Hyperoche taurtformis (Spence Bate), and Parathemisto oblivia. 
Moreover, while these three differ more or less distinctly from the other 
Amphipods mentioned in the tow-net lists, they are also in their own 
habits somewhat dissimilar to each other. Parathemisto, for example 
(and perhaps also Hyperoche), is to a large extent a free-swimming 
species ; on the other hand, the Hyperve are also characterised as mess- 
mates of large Meduse, and live a considerable part of their lives 
under the shelter afforded them by these curious organisms, Hence the 
distribution of Hyperia in the Firth of Forth depends to some extent on 
the presence or absence of Meduse, whereas Parathemisto being a “ free 
swimmer,” its movements are not so limited as those of the other. 

The following is a list of the Amphipods referred to by name in the 
lists of tow-net fauna :— 


Hyperia galba (Montagu). Iphimedia obesa, Rathke. 
Hyperoche tauriformis (Bate). Apherusa bispinosa (Bate). 
Parathemisto oblivia (Kroyer). is borealis (Boeck). 
Euthemisto (2) compressa (Goés). Paratylus  swammerdami (M. 
Calltsoma crenata (Bate). Hdw.). 

Hippomedon denticulatus (Bate). Dexamine sp. 

Bathyporeia sp. Melphidippella macera (Norman). 
Ampelisca sp. Amathilla homart (Fabr.). 
Stenothoé marina (Bate). Gammarus sp. 
Argissa hamatipes (Norman). Gammaropsis erythrophthalma, 
Metopa alder, Bate. Lilly. 

Perioculodes longimanus (Bate). Pariambus typicus (Kr.). 


As it is not my intention to describe in detail the distribution of all 
the Amphipods named in the list, I shall confine my remarks chiefly to 
the Hyperiide, because of their great importance both numerically and 
as fish food. 


Hyperia galba. This Amphipod is occasionally present in the Firth 
ot Forth, but usually in limited numbers, and the records of its occurrence 
seem to indicate that it is as frequently captured by the bottom tow-net as 
it is by the surface net. In 1889 the records of it for the selected 
stations are very few. It is recorded in the bottom tow-net lists for July, 
and again in November. The November record describes it as common. 
It is recorded for Station V. in August and November, and described as 
frequent in the bottom tow-net gatherings and few in the November 
surface-net gatherings; and it occurred sparingly in the bottom tow-net 
gatherings from Stations VIII. and 1X. in August. But the infrequency 
of the records of this and other species in 1889 is no doubt partly due to 
there being no lists of tow-net fauna for March, April, and May (with one 
exception—viz., for Station V. for surface net in May), and for nearly all 
the months of October and December. In 1890, though there are frequent 


of the Fishery Board for Scotland. Lye 


records of the occurrence of Amphipods under the name of Hyperia sp., 
H. galba is only two or three times noted, once in February for Station 
I, in July for Station III., and in December for Station VIII. The 
species referred to under the name of Hyperia sp. is probably Hyperoche 
tauriformis, recorded in 1891 e¢ seg. ann. In 1891 no direct reference 
to Hyperia galba occurs among the tow-net faunal lists. There are five 
records in 1892, but one or two of them are doubtful. In 1893 there are 
two records for Station III., one in August and one in November, that 
appear to refer to Hyperia galba. ‘There are no records of it in 1894, 
but there are eight in 1895, one for Station I. in October and December, 
two (one surface and one bottom) for Station III. in October, one for 
Station IV. in August and October, one for Station V. in September, and 
one for Station VIII. in October. 


Hyperoche tauriformis. This species, which is the Hyperia taurt- 
formis of Spence Bate, was recognised as a member of the Forth fauna 
in 1891, and has been observed more or less frequently every year 
since. In previous tow-net tests it was recorded simply as Hyperia sp., 
and the records of Amphipoda under that name in Part III. of the Annual 
Reports probably refer chiefly to Hyperoche, though they may also occa- 
sionally include immature forms of Hyperta galba which could not at the 
time be otherwise satisfactorily disposed of. In the Report for 1891 
there are about fourteen to sixteen records of this Amphipod, chiefly from 
Stations V., VIII., and 1X. In 1892 there are eighteen records. They 
extend over nearly all the stations, and the majority of them are for the 
autumn and winter months. The following are the records for 1892 :— 
For Station I. in November and December; for Station III. in July, 
October, and November ; for Station IV. in October, November, and 
December ; for Station V. in February and March, and again in October 
and November ; for Station VIII. in July, October, and November ; and 
for Station IX. in October and December. In 1893 the number of 
records for Hyperoche tauriformis is fourteen. It was recorded for 
Station I. in January, June, August (surface and bottom tow-nets), and 
September (surface and bottom tow-nets); for Station III. in June 
(surface and bottom tow-nets); for Station V. in August and September ; 
for Station VIII. in July and September; and for Station IX. in January 
and August. There are ten records in 1894—viz., for Station I. in 
August and November; for Station III. in June, August (surface and 
bottom tow-nets), and in November (surface and bottom tow-nets); for 
Station IV. in February, and for Station V.in June and August. In 
1895 there are eighteen records, divided as follows :—One for Station I. 
in October and December (for surface and bottom tow-nets); for Station 
III. in February, August, October (for surface and bottom tow-nets), and 
December (also for surface and bottom tow-nets); for Station IV. in 
October (for surface and bottom tow-nets) and December (also for surface 
and bottom tow-nets) ; for Station V. in February ; for Station VIII, in 
February, October, and December; and for Station IX. in December. 


Parathemisto oblivia. This Amphipod was more common and more 
generally distributed in the estuary than any of the other species, and it 
is one of the species that enter largely into the food of certain fishes, as 
the herring. At times the stomachs of herring contain large numbers of 
this crustacean. 

In 1889—the first of the series of seven years—the records of Para- 
themisto are few, there being only seven for the whole of the year; but 
there are, as already explained, several of the months of 1889 for which 
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there are no lists of tow-net fauna, and this no doubt accounts to a 
considerable extent for the records for that year being so few in number. 
Among the records for 1889 there is one for Station I. in January and 
another for Station IV.; for Station V. the records are, one in January 
and two in February, and one also for Station VIII. in January, and for 
Station IX. in January and November. 

In 1890 there are comparatively few records. Parathemisto was 
scarce in the surface and bottom tow-nets. For Station III. in April (in 
the surface tow-net), and at Station I. in May, it was rare ; in the surface 
net for Station IV. in December; at Station V. it was obtained in April, 
November, and December. The December record includes both the sur- 
face and bottom tow-net gatherings. There are also the following records 
for Station VIII.—viz., two in April and December (surface and bottom 
tow-nets), and one in May and in August (bottom tow-net only). There 
are two records for Station IX., one in April and one in August, 

In 1891 the records of Parathemisto are much more frequent than in 
the two preceding years. There are twelve records for Station I., one in 
January, two in February, March, and April, one in May, June, and 
October, and two in November. There are also twelve records for 
Station ITI., one in January, February, and April, two in May, one in 
June, August, and October, and two in November and December. There 
are ten records for Station [V., two in January, February, and March, 
one in April, two in May, and one in June. There are ten records for 
Station V., two in February and March, one in April and May, and two 
in November and December. The records for Station VIII. are two in 
February, one in June, and two in November; while those for Station IX. 
are two in February, and one in April, May, and November—the total 
number of records for 1891 being fifty-four. 

The records of Parathemisto for 1892 include the following, viz. :—Two 
for Station I. (surface and bottom tow-nets) in January, February, and 
March, and one in April for the bottom tow-net, and in November and 
December for the surface tow-net. The records for Station III. are 
two in January, February, and March, and one in October, November, and 
December. For Station IV. there are two records for January, February, 
aud March, and one for April, November, and December. For Station 
V. there is one in January and February, two in March, April, and October, 
and one in November and December. The records for Station VIII. are 
two in January, February, and March, one in May, June, July, and 
October, and two in December ; and for Station IX. there are two records 
in July, February, and March, one in April, May, July, and October, and 
two in December. Altogether there are sixty records of Parathemisto for 
1892, and over fifty of them occur in the first three and last three months 
of the year. It may also be noted that the records for Stations I., IIL, 
and IV. describe the species as common in the surface tow-nets in 
January or February, while the records for Stations VIII. and IX. 
describe it as common in the bottom tow-nets in January. 

In 1893 the records of Parathemisto are much fewer in number than for 
the previous year. Those for Station I. are two in January and one in 
April, October, and November. For Station III. there is one in January, 
February, and October, and two in December. The December records 
describe Parathemisto as frequent in the surface and common in the 
bottom tow-net. For Station IV. there is one record in January, 
February, April, and May, two in October, and one in November. For 
Station V. there is one in February and June, and two in October and 
December. For Station VIII. there is one in January, April, May, and 
October, and two in December; while for Station IX, there is one in 
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April, two in October, and two in December. The October records for 
Station IX. describe the species as common in the surface tow-net and 
frequent in the bottom net, and in December as frequent in both nets 
There are in all thirty-four records of Parathemisto for 1893, twenty 
seven of them being for the first three or last three months. 

In 1894 the number of records are as follow :—For Station I. there is 
one in February, two in April and August, and one in November, For 
Station III. there is one in February and April, two in August, one in 
November, and two in December. For Station IV. there is only one - 
record—viz., for surface tow-net in February, in which Parathemisto is 
described as common. There are only two records for Station V.—viz., 
for surface and bottom tow-nets in February. There are three records for 
Station VIII., one in January and February, and one in April. The only 
record for Station [X. is one in February. ‘The number of records of 
Parathemisto for 1894 is twenty, twelve of which are for the first two and 
last two months, the other eight being divided equally between April and 
August. 

In 1895 the records for Station I. are one in February and two in 
December, and in the surface tow-net record for December Parathemisto 
is described as common. For Station III. there is one in February and 
April, and two in December. For Station IV. there is one record in Feb- 
ruary and one in December. There is one record in April for Station V. 
For Station VIII. there is one in February and April, and two in Decem- 
ber; while for Station [X. the records are two in February and one in 
December—or seventeen records altogether for 1895, thirteen, or fully 
70 per cent., of them being for the two months February and December. 

The following Table shows the distribution of the records of Parathe- 
misto as described in the preceding notes :— 


Tasie VI., showing the Distribution of Parathemisto, as indicated by 
the Tow-net Records for the Years, Months, and Stations. 
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TaBLE VI.—continued. 


| 
| 
| 
| 
| 
| 


| Z 
| Nels = | 

Months. a 

» So 

Inner Stations— ihe. aft i os FSS 
continued. ELS. | | | | | | | 5m 

ei EY eat ES 

aaa meee eet Pech le kee es 

ae] a) Bl eB loa Sey Beer oes 

Sif (S/F \/S/45 (5/24/28 ojala 
| | 
—$—$<—- —__—_- roo, —— —_ | 

| | 

| 1889, eee spe ewa ram o 
| | | 

1890, tal Sl] Day hs Sale ES ie ea ee et 

| 1891, Pia) se) ye) Saved all aya LON ee sl mean aera ee 
Ill. S320 2 2 2 | sr oo pels A eee eal alt el 1 aR Pet) 

1893, este Na. |. 201 Nessaleneenl ae pee | 2) = 2a 

1894, Se enemies alesis te Sh i hy | 

1895, ea ey ey. SP RG gene J = ss Saas 

| 
Totals forthe Months, ... . 4} 6} 2 5) 2] 1 — | 3) | = |. 3 ote eos 


| | 
Totals for the Months, ... . 6 Col ea 4 he SST es iste | 3/519) 2 | 3°41 31 


| 2 
oS 
y s. : 
| fonths ie wi 
| ®.2 
Three Outer Stations. Were, | ‘ pred ae ee =i) 
| | | KD 
S Ke) 
ae | : S | Fest) | iss ea leaner eee : Be 
| BGS Ve | ee [eee ae a ae ce 
| Slizli@i<a+iSislsl/4i/2/6l24iete 
| | 
1889, sso) ees ee pee Se Syed aes 
1890, Shoes| aa ai =) Wel | salle ia S| aia 
| | 
1801, 2PM ET om) | SW acest IE aaa a 7 oe 
| | 
V 1892, Te ies) Peaeente ere peer ee 
| 1898, ape etme rl | yee | 
| | | | 
1894, Seopa eee Pa ene reno lee eee |e, 
| 1895, = | — - li _ a — _ J a es = 1 
| | 
1 Wotals forthe Months...) 2" 0 sy lomi essed: 50) otk teal een eat eee 4 7 sc 


of the Fishery Board for Scotland. 175 


TABLE VI1.—continued. 
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The Table shows that the total number of records for Stations I., IIL., 
V., and VIII. is nearly the same ; and it is of interest to note that Stations 
IV. and [X., which are also nearly equal but show a smaller number of 
records than the others, might have been expected to have yielded 
very different results, as the first is an inshore station, while the other is 
the farthest seaward of all the Forth stations, being situated considerably 
east of the May Island. Another point of interest is, that besides the 
comparative absence of these Amphipods during the summer months there 
is evidence of a somewhat remarkable increase of those Crustaceans in the 
Forth in 1891 and 1892 compared with other years. With reference to 
the remarkable increase in the number of Parathemisto in the Forth 
during these two years, it is specially worthy of note that in February 
1892 an immense shoal of Huthemisto compressa—a species closely allied 
to Parathemisto in structure and habits—was observed off the Yorkshire 
coast. So great in number were they that the sea was described as 
“literally alive with them,” and it is stated that ‘“ heaps” of them ‘‘were | 
afterwards washed ashore by sea-winds, and afforded a feast for starlings 
and other frequenters of the tidal line.” * Some of these Huthemzsto found 
_ their way into the Forth estuary, and are mentioned among the tow-net 
records for that year. They were first observed in the Forth in February, 


* T, H. Nelson in ‘ Naturalist ’ tor May 1892, 
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and they either remained in the estuary all the summer or returned in the 
autumn, for they were observed again in November. 

Whether this irruption of the Hyperiide was merely accidental and 
temporary, or due to a periodic migration at more or less distant inter- 
vals of time, the records are not sufficiently extensive toshow. Whatever 
be the reason, there seems to be no doubt that some time during 1891 and 
1892 there was a greater number than usual of these Crustaceans off our 
Kast Coast, part of which found their way inshore, with the result that 
the number of records of Parathemisto was increased beyond those of the 
previous or following years. 

In the following analysis of the Table, some of the results referred to 
are more clearly brought out—the three formule subjoined show the 
total numbers of the records (1) for the stations, (2) the months, and (3) 
the years, thus :— 


Formula (1) shows the total number of the records of Parathemsto 
for each of the stations for all the months and years :— 


Numbers of the Stations, 4 IL. TEE LV. Vv. WAL E IX. 
Total number of Records for dabh Station, : By 88) Bit 36 36 29 


Formula (2) shows the total number of the records of Parathemsto 
for each of the months for all the years, (a) for Stations L, IIL, and IV. ; 
(6) for Stations V., VITI., and IX. ; and (c) for all the six stations: — 


Names of the Months, Ac a = bp =f 8 

ic SS Sis a SS 

(a) the Inner Stations, - 16 18 10M 73 Oy 5. Oe 

Tota! number of J (0) the Outer Stations, - 1020 814 6 3 1 2 Ooms 
each Month, for { (.) a1] the Six Stations, - 26 38 18:29 13 6 1 7.016 19 36 


Formula (3) shows the total number of the records of Parathemisto 
for each year, for (a) the inner stations, I., III., and IV.; (0) the outer 
stations, V., VIII, and IX. ; and (c) for all the six stations :— 


Numbers of Years, - Srl ees - 1889. 1290. 1891. 1892. 1893. 1894. $1895: 


(a) the Inner Stations, - 2 4 B40 987 ~ 


Fotal number of 16) the Outer Stations,,. 6 12° ©2053 | 17) ac 


Records for 
each Year, for 


(c) all the Six Stations, 8. 16,. 54 . 60.) 84.) /20uummme 


Huthemisto compressa. This species (referred to above) was recorded 
for the first time in the Firth of Forth in the “ Tenth Annual Report of 
the Fishery Board for Scotland,” from specimens obtained at Station V. 
in February 1892. It was collected again in the same year in November; 
and the next record of it is in November 1893, when it was obtained at 
Station V. 

The other Amphipods mentioned in the list are, with the exception of 
Paratylus and Apherusa, only occasionally referred to among the records 
of tow-net invertebrates, and are therefore, except from a natural history 
point of view, of less importance than those already mentioned. 
Consequently J do not propose to enter very minutely into the 
consideration of their distribution.* 


Callisoma crenata. There are few records of this species, and they 
extend from 1890 to 1895. 


Hippomedon uenticulatus is only recorded once among the tow-net 
lists for the selected stations—viz., for Station IX. in February 1894. 


* A tabulated list of species at the end of this paper shows some further details of the 
distribution of these Amphipods, 
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Bathyporeia and Ampelisca have been recorded, but the species were 
apparently not identified. 


Stenothoé marina has one or two records, but it appears to have been 
comparatively rare in the tow-net gatherings under consideration. 


Argissa hamatipes is occasionally recorded in the lists of tow-net 
invertebrates collected at the three outer stations, but less frequent in 
those collected at the inner stations. 


Metopa aldert appears to have been comparatively frequent at 
nearly all the stations. 


Perioculodes longimanus is recorded chiefly from the outer stations. 


Iphimedia obesa is only recorded once—in 1892 for Station V. in 
January. 


Apherusa (two species) and Paratylus are referred to several times in 
the lists of tow-net invertebrates; neither of them appears to be rare, 
though less common than some of the others. 


Melphidippella macera is only once recorded—viz., at Station VIII. in 
March 1892. 


Amathilla homari is also recorded once—viz., for Station IV. in 
December 1892. 


Gammaropsis erythrophthalmus is recorded once—for Station V. in 
December 1890. 


- Dulichia sp. and Pariambus typicus are both rarely mentioned among 
the lists of tow-net gatherings. 


(f) CLADOCERA. 


Fvadne nordmanni is recorded from nearly all the six stations, and 
was occasionally moderately frequent. 

Podon (') polyphemoides, though not so common as Evadne, is re- 
corded several times, and for at least four different stations. 


(g) CopEpopa. 


The Copepoda, though usually present in nearly all the tow-net gather- 
ings, being sometimes common or even abundant, do not usually show 
much variety of species. The following is a list of the Copepods 
recorded in the various tow-net gatherings collected during the seven 
years at the six selected stations :— 


Calanus finmarchicus (Gunner). Anomatlocera patersont, Templ. 
Pseudocalanus elongatus, Boeck. Parapontella brevicornis (Lub.). 
Temora longicornis (Miiller). Oithona (2) similis, Claus. 
Centropages hamata, Lill}. Thalestris longimanus, Claus. 
Centropages typicus, Kr. . Thalestris serrulatus, Brady. 
Metridia hibernica (B. & R.). Alteutha depressa (Baird). 

Candace pectinata, Brady. _ Dermatomyzon nigripes (B. and R.). 


Acartia sp. (2 Clausia and longi- Monstrilla sp. 
remis). Caligus rapax, Miller 
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A few of the species named above are found occurring with more or 
less frequency in nearly all the lists of tow-net invertebrates, but the 
larger number of them were infrequent or rare, and it is those only that 
are of numerical importance that need be specially referred to here. The 
first of them that I propose to notice is Calanus jfinmarchicus. 
Calanus jinmarchicus is, because of its numbers and its general distri- 
bution, one of the most important of the group to which it belongs, at 
least in the British seas. Being usually so numerous, it no doubt 
furnishes a rich supply of food to the young of all kinds of fishes, 
and, as a matter of fact, it frequently forms the principal food of the 
herring. This species is, as a rule, usually more numerous than the 
other pelagic Copepods, and it occurs at times in considerable abun- 
dance in the estuary. Its distribution, as indicated by the tow-net 
records, is as follows :—In 1889 Calanus is recorded twice for Station I. 
in January; once in July, August, October, and November for Station 
III. ; once in January, July, and August for Station IV.; once in 
January, May, June, August, and September for Station V., while for 
the same station in November Calanus is recorded as abundant in the 
surface and frequent in the bottom tow-nets; for Station VIII. it is 
recorded once in January, twice in June and July, once in August, and 
once in November ; for Station IX. there are two records in June, one 
in August, and two in November. In the surface tow-net record for 
November Calanus is described as abundant, and as common in the 
bottom tow-net. 

In 1890 the records of Calanus for Station I. are two in February, 
March, April, May, July, October, and November, and one in December. 
It is described as abundant in one and common in four of these 
gatherings. The records for Station III. are two in February, March, 
April, May, July, October, and November, and one in August; for 
Station IV. there are two records in March, May, November, and 
December, and one in February, April, July, August, and October. 
The records for Station V. are two in February, March, April, May, 
September, October, November, and December, and one in July. For 
Station VIII. there are two records in March, April, May, September, 
and December, and one in February, July, and October; while for 
Station IX. there are two records in March, April, May, October, and 
December, and one in February, July, and September. The records for 
Calanus in 1891 are for Station I. two in February, March, April, 
May, June, and August, and one in January, July, October, and 
November. For Station III. there are two records in February, April, 
May, June, July, and December, and one in January, August, September, 
October, and November. For Station IV. there are two records in 
January, February, March, April, May, June, and October, and one in 
August and November. The records for Station V. are two in February, 
March, April, May, July, October, November, and December, and one in 
June and August. Station V. having been trawled twice in October 
adds a third record for that month. ‘There are two records for Station 
VIII. in February, April, May, June, and November, and one in July, 
August, September, and October; while for Station IX. there are two 
records in February, May, June, July, August, and November, and one 
in April, September, and October—making ninety-seven records in all for 
1891. The number of the records of Calanus for 1892 is about equal to 
that of the previous year. Those for Station I. are two in April, May 
and December, and one in January, February, March, July, September, 
and November. For Station III. there are two records in February, 
March, April, May, November, and December, and one in January, July, 
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September, and October. The records for Station IV. are two in 
March, April, May, June, October, and December, and one in January, 
February, July, September, and November. For Station V. there are 
two records in January, April, May, October, November, and December, 
and one in March, July, and September. The records for Station VIII. 
are two in March, April, and September, and one in January, February, 
May, June, July, and November. In December this station was trawled 
twice, and furnished four records of Calanus for that month. The 
records for Station IX. are two in January, February, April, May, 
September, and October, and one in March, June, and July. There are 
also three records in December, the station having been trawled twice 
that month. 

The records for 1893 are as follows :—For Station I. there are two in 
January, April, May, September, and November, and one in February, 
June, July, August, October, and December. For Station III. there are 
two in January and December, and one in February, May, June, July, 
August, September, October, and November. For Station IV. there are 
two in January, February, April, June, October, and November, and one 
in May and December. There are for Station V. two records in 
February, May, August, October, and December, and one in March, 
June, July, September, and November. There are two records for 
Station VIII. in January, April, July, and December, and one in 
February, May, August, September, and October, while for Station IX. 
there are two records in January, February, May, June, July, October, 
and December, and one in April and August. 

The records of Calanus for 1894, which are fewer than for the three 
preceding years, include two for Station I. in April and December, and 
one in January and February. There are two for Station III. in 
August, and one in February, April, and June, while in December there 
are four records owing to the station having been twice trawled that 
month. For Station IV. there are two records in April and one in 
January and February. The records for Station V. are two in February 
and April and one in August. For Station VIII. there are two records 
in February and one in January, April, and August, and those for Station 
IX. are two in February and April. The records for this year number 
thirty-four, 

The records of Calanus for 1895, which are also few in number, 
include two for Station I. in April and December, and one in February, 
May, and October. There are two for Station III. in February, April, 
October, and December, and one in May. There are two for Station IV. 
in February, October, and December, and one in January, April, and 
May. The records for Station V.are two in February, April, May, and 
August, two for Station VIII. in February, May, October, and 
December, and one in April and September, while for Station IX. there 
are two records in February, April, and December, and one in May, 
August, and September. The number of records for 1895 is fifty, while 
the total number for the seven years is four hundred and eighty-four. 

The distribution of Calanus finmarchicus, as described in the preced- 
ing notes and shown by the annexed tabular arranvement of the number 
of records, is more uniform throughout the six stations than that of 
Parathemisto, It may be observed that there is a tendency towards an 
increase in the number of records during the earlier months, and also to 
a small extent during the later months of the year, but this tendency 
shows itself principally in the greater number of double records for these 
months: that is, records which include both the bottom and surface 
tow-net gatherings. This is shown more clearly by the Table. 
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TasLe VII., giving the Distribution of Calanus finmarchicus, as shown 
by the Tow-net Records for the Years, Months, and Stations. 
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TaBLE VII.—continued. 
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This Table also shows that the difference in the total number of 
records for each of the stations for the seven years is comparatively 
small. The highest number (86) is for Station V., while the lowest 
numbers occur at Stations I., IV., and VIIJ.—each of these stations 
having a total of 78 records for the seven years. The number of records 
for each of the stations may be stated as a formula, thus :— 


Formula (1) shows the total number of records of Calanus for each 
station for all the seven years :— 
5 Inner Stations. Outer Stations. 


Numbers of the Stations, — - - - - if TET ey ue. Weer eViLbl. EX, 
Total number of Records for each Station, - 78 84 78 86 78 80 
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The total numbers of the monthly records exhibit a greater amount of 
divergence than those for the stations as shown by the next formula. 


Formula (2) shows the total number of records of Calanus for each 
of the stations for the seven years, (a) for the inner stations, I,, III., and 
IV. ; (0) for the outer stations, V., VIII., and IX. ; and (ce) for all the six 
stations :— 


Names of the Months, - da # I = S = Mew & 
ffs fe 65 43 cae 

; . ((@) the Inner Stations, - 20 27 15 32 25 14 16 14 7 22 21 27 
Oe tan # the Outer Stations, - 12 30 13 30 28 15 18 16 17 22 16 27 
Month, for —_{ (¢) all the Six Stations,- - 32 57 28 62 58 29 34 30 24 44 37 54 


Yet although there is a certain amount of variation, with the excep- 
tion of one or two months—as March and September—this variation 
is comparatively trifling, showing that Calanus was not only common, 
but also, on an average, very equally distributed throughout the estuary. 
The total number of records of this Copepod for the three inner and three 
outer stations, for the twelve months and for all the seven years, is 240 
and 244 respectively, or practically the same for the two groups of 
stations. Another point which may be noticed here, and which is shown 
in the Table, is that the totals of the monthly records for the seven years 
and for each of the six stations for April are, with one exception, exactly 
alike—the number for April for each station being ten, except at Station 
I., where the number is twelve. It would also appear from the tabular 
enumeration of the records that during six out of the seven years 
(excluding 1889) Calanus was more common and generally diffused 
throughout the district referred to here, in the month of April, than in 
any of the other months. The reason for this uniformity may not be 
easily explained. It may be due to a periodic migration of Calanus, or 
to some influence inducing them to crowd more in towards the shore at 
this season—probably for spawning. 


Formula (3) shows the total number of records of Calanus for each of 
the seven years, (a) for the inner stations, I., III, and IV.; (0) for the 
outer stations, V., VIII., and IX.; and (c) for all the six stations :— 


Numbers of the Years, - - - - 1889. 1890. 1891. 1892. 1893. 1894. 1895. 
Total number of ((@) the Inner Stations, 15 48 49 45 42 20 26 
Records for each 

Year, for 


(6) the Outer Stations, 19 43 48 49 44 14). 27 
(c) all the Six Stations, 34 86 97 94 86 34 88 


The greatest difference between the yearly totals for the inner and 
outer stations is that for 1894, while the total number for the seven 
years for each group of stations shows only a difference of four—the 
numbers being for the inner stations 240 and for the outer stations 244. 

But though Calanus finmarchicus is the most common Copepod in the 
Firth of Forth, there are one or two other species included in the lists of 
tow-net gatherings which are more or less generally distributed, and at 
times moderately frequent, and which no doubt compete closely 
with Calanus as important sources of fish-food, especially as the food of 
young fishes. Temora longicornis is one of these; so also, though in a 
somewhat less degree, are one or two species of Acartia—viz., A. 
longiremis and A. claus (both of which are found in the Forth estuary). 
I do not propose to refer at length to the distribution of these Copepods, 
as the Tables which follow show by comparison with that of Calanus 
its more important details, as well as some other of the more noticeable 
differences in this respect between them and that species. 
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Taste VIII., showing the Distribution of Zemora longicornis, as indi- 
cated by the Tow-net Records for the Years, Months, and Stations 


Number of Records for each Month of each Year. 


| 
Years. —— =e E at 


Three Inner Stations. 


Totals for Years 
and Stations. 


| 
} 
| 
{ 
i 
| 


Totals for the Months. 


Totals for the Months, ; ’ Melee ulate LOU Or 1 Sint Tk | ee 


| TABLE, 
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TasLe VIII.—continued. 


| Number of Records for each Month of each Year. as 
| HS 
| Three Outer Stations. | Years. hice Ca GE GE Gis 55 
: jn 02 
| clal2ladisiglslslelelels pee 
S|e/B/4|S 8/8 1/4)8/6|2)aP 
| | iol ao ae ae =< ae wal tee = == 
1889, -|-|- sist eexll rl 2 | ES 1 = | 
| 1507 eee Sale ad | 9 Pee re mere 2 | ~ | 
‘eerie cei ap) i aS See | 
v. MOOD Lee A Rta cen oe ot gh A aD oe ae aft.) = 
SOS se eee id areas OT 1/24 41 = ee 
1894, . -/-|]-] = Ws ol i |S ee 
US cali Solan Te eON eee eb Seis) = | 
ose a) ee 
Totals for the Months, : od ah pe | a G29 A Gee 3 | To) 08 a i 
| 
1889, Jo | = |e a ae) a ee 
1890, a EP | OER. BO =| 1) = oe ee 
1891, —) 1) =| 2) 214) ee ee 
Vil. Le BOD oF ue es cD 2 dca at i a 8 
| 1893, Le lee | Be ata als 1) } 
| 1894, eee ee heaps i} ae L 
1895, Pe ap Sail ee See 2 soa a 
Saieerica eal el ual el oe asian 
Totals forthe Months, . |. | -| 1] 2) 8/6 {75 | 34 5:|% | 2) aaigiie 


Totals forthe Months, . .|- = 1 | ele da dad ig ee 


This Table contains an enumeration of the number of records of Temora 
for all the stations and for the seven years, arranged in the same way as 
those of Calanus. An examination of the Table shows that the distribu- 
tion of Temora differs little from that of Calanus, except that the number 
of records is rather fewer. Like Calanus, the highest number of yearly 
records of Temora occur in 1891, 1892, and 1893; and also, like that 
species, there is with one exception comparatively little difference in the 
total number of records for each of the stations: the principal difference 
is found at Station V., where the number is greater, by five records, than 
the highest number next to it, at Station III., while it is eleven records 
greater than the minimum number at Station IV. It may also be noted 
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that the station with the highest number of records of Temora and 
Calanus is the same—viz., Station V. But the Table shows a slight 
diversity in the distribution of Temora throughout the different months 
of the year as compared with that of Calanus. Thus, the maxima of 
“monthly records are found in April and May, that for May being dis- 
tinctly higher than that for April, and the minima in January, February, 
March, and December ; while in regard to Calanus the maximum number 
is that for April, while the number for February is smaller than the maxi- 
mum by only five records. These points are more clearly indicated in 
the annexed formule. 


Formula (1) shows the total number of records of Zemora for each 
station for all the seven years :— 


(a) Inner Stations. (6) Outer Stations. 
Numbers of the Stations, - - - <a PERE, LV sae Wis EE Dl xX. 
Total number of Records for each Station, - 48 44 38 49 43 43 


Formula (2) shows the total number of records of Temora for each of 
the twelve months, (a) for the inner stations, (0) for the outer stations, 
and (c) for all the six stations :— 


Names of the Months,- — - cis sete Re 2 ee sie Be Bt Beeb Boe ee) 
? Lal 2, 8 i=} * o) 

See 2 eGsS = 2 6 22 

(az) the Inner Stations, - a tO. ee 287 arg AO ee 

Ren gtmber of | (6) the Outer Stations, - 0 4 8212613101916 10 6 2 

Month, for {(¢) all'‘the Six Stations,- - 110 12 48 54 28 17 27 202215 6 


In the distribution of Calanus the month that shows the smallest 
number of records is September, but in the case of- Temora the smallest 
number is that for January, and the proportional difference between the 
lowest and highest number of records is considerably greater for Temora, 
than for Calanus. 


Formula (3) shows the total number of records of Yemora for each of 
the seven years, (a) for the inner stations, I, III., and IV.; (0) for the 
outer stations, V., VILI., and IX. ; and (c) for all the six stations :— 


Numbers of the Years,- - - - 1889. 1890, 1891. 1892, 1893, 1894, 1895. 
((a) the Inner Stations, - 7 23 28 2 17 6 19 
ee ee of { (0) the Outer Stations, -13 36 81 2 17 5 9 


Year, for ((c) alll the Six Stations, -20 59 59 49 34 Il 28 


There seems to be a greater variation in the total numbers for the years 
in the distribution of Zemora than is the case with Calanus. The above 
formula shows that in the case of Zemora the highest total number of 
yearly records is fully five times greater than the lowest, but in Calanus 
the difference is less than three times ; and further, the yearly maxima for _— 
Temora occur in 1890 and 1891, and in 1891 and 1892 for Calanus. 
The total number of records for Temora for the six stations during the 
seven years is two hundred and sixty. 


‘ ACARTIA SP. 


The next Table shows the distribution of Acartza sp.,* in a manner 
similar to that of Calanus and Temora. 


* Careful examination is necessary in order to distinguish the species of Acartia, and 
for various reasons it was not always possible to carry out a minute and sufficiently careful 
examination of doubtful species on board ship; therefore the specimens of <Acartia 
observed were frequently recorded merely under their generic name. 
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Taste [X., showing the Distribution of Acartia sp., as indicated by the 
Tow-net Records for the Years, Months, and Stations. 


q 
| Number of Records for each Month of each Year. S vi 
oo 
Three Inner Stations. MES SS 7 S3 
EP tte | = be | | eer (ee , AES , ete 
1889, SS) Peseemmetro a eS eye jt a 
1890, -}-]-) ekey A alelt 1) eel tas 
1891, Set) it) @ | ot a ee orn 
I. 1992, Seen mesma ren eticales | - 5 
1893, sileaiy eae Payhy 9 ONAN) 2 VE RD as 
1894, a eee PPalaa pend yee as | 2 
1895, wile) = es ee il | al eae ee 2s 
——e ——_— | —|—}— —|— |_| — 
Totals for the Months, - | 4) BM te PA Np oily | | BS! 
| | 2 
| 3 
8 
II. 5 
4 | 
2 | 
es 
Totals for the Months, 26 | 
1 | 
4 | 
ea 
IV. 6, 
b 
1 
Totals for the Months, 28 


[ TABLE. 
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TaBLE 1X.—continued. 


” oe ———— ——_— $$$ —-—-~—- 


| 
| 
| 
| 
| 
| 


| nm | 
mi || 
| A 3 | 
Number of Records for each Month of each Year. Ss 3 
« 
| © S| 
= = SS) 
| Three Outer Stations. Nears) = |= Ea me £ | 
| } 
bool 
: uo} 
gi a| & ma > = | | ep | oe fat eel 
a o s Q. = 3 =| oO ° > 
Slie&lalidai ia l5j4(|< Saiz iB 


Totals for the Months, 


VIII. 


Totals for the Months, 


IX. 


DO ete OU ST OR 


Totals for the Months, 


It will be observed from this Table that the distribution of Acartia 
varies to a greater extent from that of Calanus than that of Temora was 
found to do. The greatest number of yearly records of Acartia shown in 
the Table is that for 1891, and not only is the yearly total number for the six 
stations for 1891 the greatest, but the same thing is observed in the total 
number of each of the stations for that year. If, on the other hand, a com- 
parison be made between the highest and lowest total numbers for the six 
stations, the difference is rather less than in Jemora, and more similar to 
that observed in Calanus. It is also noticeable that Acartie are compara- 
tively usually more frequent during the summer months. It will be 
observed, for example, that the highest of the total monthly records for 
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each of the three outer stations are those for May and August; while at 
Station IV. the highest is that for May, and at Station III. for June; but at 
Station I. the highest is that for February. The next highest numbers 
are those for April, May, and August. Some of these points are more 
clearly indicated by the three formule. 


Formula (1) shows, as before, the total number of records of Acartia 
for each of the stations :— 


(a) Inner Stations. (b) Outer Stations. 
Numbers of the Stations, = Oe Hee Va V. Villy ie 
Total number of Records for each Station, 23 26 28 25 TBs 21 


The station with the lowest number is [X., while that with the highest 
number is IV., the difference between them being seven. 

Formula (2) shows the total number of records of Acartia for each of 
the twelve months for the seven years, (a) for the inner stations, L., IIL, 
and IV.; (6) for the outer stations, V., VIIL., and IX. ; (c) for all the 


six stations :— 


Names of the Months, ad aE Be z 2 b . = 5 2 
Se@ade5ntnoaga 

(az) the Inner Stations, 0 9° 2 11 Tt F610 Are 

ares (b) the Outer Stations, Oe 2 718 - ee 2 be ¥ a 
Month, for ( (c) all the Six Stations, - 014 418 24161025 91212 2 


If these figures be closely examined and compared, it will be found that — 
there is a more or less evident maximum in the total number of records 
about every three months. This is also found to be the case, though not 
so distinctly, when the numbers are divided so as to correspond with the 
inner and outer stations. But taking the total numbers first, it will be 
observed that, commencing with February, the total number for which is 
fourteen, there occurs in March a sudden drop, after which the numbers 
increase till May, when the second highest total for the whole year is 
reached. In June and July the numbers again fall, to be followed by a 
marked accession 1n August, so much so that the maximum for all the 
twelve months occurs then; in September there is again a marked 
decrease, after which a slight recovery takes place in October and Novem- 
ber, while in December the number is, next to January, the lowest for 
the year. This increase and decrease, though not so apparent where the 
numbers are divided to correspond with the inner and outer stations, can 
still be traced, especially in the series corresponding to the outer stations. 
The reason for this apparent rhythmical arrangement is not very clear, 
and it may be that the seemingly periodic recurrence of Acartia may be 

“merely accidental. 

Formula (3) shows the total number of records of Acartia for each 
year, for (a) the inner stations, I., III., and IV.; (0) the outer stations, V., 
VILJ., and IX. ; and (c) all the six stations :— 


Numbers of the Years, : - = 1889, 1890. 1891. 1892. 1893. 1894. 1895. 
(a } the Inner Stations, - 4 10 24 16 14 5 4 
otal pombe (3) the Outer Statios,- 4 13 2% 18 5 4 5 
Year, (c) all the Six Stations,- 8 23 49 (99. 19. Ouaag 


It wili be observed that the maximum number—that for 1891—is pro- 
portionally considerably greater in comparison with the others than is 
observed either in the case of Calanus or Temora. 

A few of the other species of Copepoda referred to in the lists of tow- 
net invertebrates, such as Pseudocalanus elongatus, Centropagus sp., 
Anomalocera patersont, aud O2thona sj., are also’ at times more or less 
freyuent in the Firth of Forth, but the published records of them show 
that they are usually less common than those already noticed. 
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The only points of interest in connection with the distribution of 
Pseudocalanus elongatus, so far as can be made out from the tow-net 
records of its occurrence, seem to be these-—(1st) if an average of all the 
records of this Copepod for the seven years be taken, the numbers for 
April and May will be seen to be greater than those for all the other 
months added together ; and (2nd) that the maxima of the records for 
the seven years occur in 1891, 1892, and 1893. 


Anomalocera patersont, which from its very large size and beautiful 
colour is easily detected among the tow-net gatherings, is recorded a con- 
siderable number of times during the seven years. The greatest total 
number of records for any of the years is that for 1891, the number for 
that year being nearly double that for any other of the whole seven, as 
shown by the formula. 

Formula (1) shows the number of records of Anomalocera for each 

of the seven years :— 
Numbers of the Years, - - 1889. 1890: 189%. 1892. 1893. 1894. 1895. 
Total number of Records for each Year, 7 13 17 6 9 4 6 

This formula shows a gradual increase to the maximum, then a some- 
what irregular decrease. 

Formula (2) shows the total number of records of Anomalocera for 
each of the twelve months :— 


Names of the Months, Jan. Feb. Mar. April. May. June. July. Aug. Sept. Oct. Nov. Dec. 


Number of Records for 
Sr Moh \o Oosawa bot fee yin HRM g 


It will be observed that by tar the largest number of records for this 
species occur in May and June; they are much fewer in July, August, 
and October, and rarely, or none at all, in the other months. It would 
appear from this that Anoma/locera is not resident in the estuary, but is 
only a summer visitor, and, as Formula (1) shows, its visits are fairly 
regular. 

Formula (3) shows the total number of records of Anomalocera for 
each of the six stations :— 


Inner Stations. Outer Stations. 
Numbers of the Stations, = - ie L. JUL IV. Vi Vee IX. 
Number of Records for each Station - 5 5 1 15 16 19 


The difference between the inner and the outer stations is very marked 
here, but is only what might be looked for if Anomalocera be only a 
“visitor” to the estuary and its vicinity. This also explains why 
Station IV. appears to have been so rarely visited, for, being a migrant, 
Anomalocera is more likely to keep as much as possible to the open 
water, and avoid inshore localities. 

The distribution of the other species mentioned in the lists of tow-net 
fauna does not call for special analysis ; but a few of them are of interest 
because of their beauty, their rarity, or because of their structural 
differences aud habits. 


Metridia hibernica, which is of an elongate form, and has a long and 

moderately slender abdomen, is recorded only once during the seven 
_years—viz., at Station IX. in May 1892, when a few specimens were 
obtained. Metridia is a comparatively large Copepod. 


Candace pectinata is also moderately large, and is readily noticed by 
its dark chocolate-coloured swimming feet. There are several records of 
this species in the lists of tow-net invertebrates. 


Parapontella brevicornis appears to be only once recorded for the seven 
years, but the species is not very rare locally. 


190 Part I11.—Siateenth Annual Report 


Dermatomyzon nigripes is also only once mentioned in the tow-net lists 
for the selected stations. 


Monstrilla sp. The most curious of the pelagic Copepods is the 
Monstrilla. Two species—M. helgolandica and M. rigida—have been 
captured in the estuary. In swimming it differs from the usual Copepod 
habit by keeping its antennules straight out in front, instead of holding 
them at right angles. 


Oithona sp. The Orthona that is sometimes not uncommon in 
the Firth of Forth is probably the O. s¢milis Claus, as stated by Dr. 
Giesbrecht. 


Caligus rapax is frequently found “ free-swimming ’ 
and appears to be able to adopt that mode of life at will. 


* in the estuary, 


(3.) THa VERMES. 
THE saGiTta (S. bipunctata). 


Leaving the Copepoda, I now pass on to consider the distribution of 
the Sagitta. A glance through the lists of pelagic invertebrates which 
form part of the trawling records shows that the Sagitta forms an item of 
considerable importance amongst the various objects collected by the tow- 
nets. Moreover, when the voracity of these curious organisms is taken 
into account, it is evident that the vast swarms of them that occasionally 
visit our shores must form a destructive agency of no mean order, and 
especially if in the vicinity of their swarms fish larvee happen to be more 
or less common. It has been clearly proved that Sagitta prey to a con- 
siderable extent on larval and post-larval fishes—chiefly round fishes. 
This habit was observed by me several years ago, and before much atten- 
tion had been given to it otherwise ; and it was found that the Sagitta 
not only preyed on the larve of round fishes, but they also attacked the 
smaller Crustacea, and were even observed to devour their own kind— 
the larger Sagttta devouring the smaller. 

The distribution of the Sagitta in the Firth of Forth during the. seven 
years will be best seen by a reference to the annexed Table. 


TABLE X., showing the Distribution of Sagitta, as indicated by the Tow- 
net Records for the Years, Months, and Stations. 


Nn 
i 
iso] 
Number of Records for each Month of each Year. be . 
| [= 
Three Inner Stations. Years. : oes bee 
| | : | | | ee 
| H a nS 
| 5% a NS = 5s 
| ia} 2s gS 
| i> |e] a4 E 
| 1889, Neill ar ee 
1890, reba ya" | 
1891 er Say Os alee gs 
I 1892 leases tie | 
1893, Ro pe | Ee 
1894, Escuelas 
1895, es i if ea 
Totals forthe Months,. . . | 6 (11 | 4 
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TABLE X.—continued. 


Inner Stations— 
continued, 


III. 


Totals for the Months, . 


Years. 
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TABLE X.—continued. 


4 
| Number of Records for each Month of each Year. g 
Outer Stations— Meare _ | : eva as = hess Z 
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This Table shows that the total number of records of Sagztta for the six 
selected stations, and for the seven years, is four hundred and five, being 
somewhat fewer than the number of records of Calanus, but considerably 
in excess of the number of records of any other of the species that have 
been referred to. In making an analysis of the Table, it is found that 
while there is a considerable difference between the number of records for 
Station IV. and that for Station VIII., if the three inner stations and 
the three outer stations be considered separately, the difference in the 
numbers of each group is much less. These points will be made more 
evident by arranging the stations and the number of records for each as a 
formula, thus -— 


Formula (1) shows the number of records of Sagitta for each of the 
six selected stations :— 


The Three Inner The Three Quter 
Stations. Stations. 
Numbers of Stations, = - - - - i III. TV; V2 Via: IX. 
Number of Records for each Station, — - 66 58 56 74 77 74 


The numbers for the three outer stations are nearly equal, but Station I. 
in the other three shows a greater divergence. It may also be noticed that 
Station J. and Station VIIL., that have the highest number of records in 
each of the two groups, are intermediate stations—that is, Station I. is 
situated between Stations III. and IV., and Station VIII. between 
Stations V, aud IX. Moreover, if a comparison be made of the total 
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number of the records for each of the twelve months, it will be observed 
that those for February and December are considerably greater than the 
numbers for the other months; but if the numbers are separated into two 
groups to correspond with the inner and outer stations, the difference in 
the numbers for each of the twelve months for the three inner stations is 
increased, while the difference becomes less in the other group of numbers. 
This is best seen by arranging the numbers as a formula. 

Formula (2) shows the total number of records of Sagitta for each of 
the twelve months, for (a) the inner stations, I, III., and IV.; (0) the 
outer stations, V., VIII., aud IX. ; and (c) for all the six stations :— 


Names of the Months, Soe ry b A ee Gre MAS cbse) 
Se Sa oS oe eee, So 

((a) the Three Inner Stations, 19 30101615 7 911 6 1419 24 

Peer ot | (6) the Three Outer Stations, 18 80 10 18 21 17 19 17 15 20 17 26 
(SELL IE a OR CS SRL 

Month, for {(¢) all the Six Stations,  - 37 60 20 34 36 24 28 28 21 34 36 50 


There is one point very clearly brought out in connection with the dis- 
tribution of the Sagitta—viz., that, whether a comparison be made of the 
monthly numbers of records for each station or for the three inner and 
three outer stations or for them all, the numbers for February and most 
of those for December are greater than the others. This would seem to 
indicate that Sagitta was usually more common during these months than 
at other times of the year. 

It will be further observed that the highest total number of yearly 
records, viz. 79, is that for 1892, and the smallest, 31, for 1894, and that 
if the yearly records be divided into two sets to correspond with the three 
inner and the three outer stations, the results, as regards the highest and 
lowest numbers, are somewhat different. In this arrangement of the 
figures the highest number for the three inner stations is that for 1893, 
and the lowest that for 1889, while the maximum and minimum numbers 
for the outer stations are for the same years as in the former arrangement. 
Formula (3) will show these results more clearly. 

Formula (3) shows the total number of records of Sagttta for all the 
seven years ; for (a) the inner stations, I., III., and IV. ; (0) the outer 
stations, V., VIII., and IX.; and (c) for all the six stations :— 


Numbers of the Years, - - - - 1889. 1890, 1891. 1892. 1893. 1894. 1895. 
(a) the Inner Stations, 13 26 34 338 36 18 20 
eo ber of > the Outer Stations, 24 338 40 48 42 13 25 


Records for each & fs pel! Ba ow a ae 
Year, for (c) all the Six Stations, 37 59 74 81 78 81 45 


It would thus appear that Sagitta, like the majority of the other 
pelagic organisms of which there are records, are usually of more frequent 
occurrence in the Firth of Forth and its vicinity during the colder months, 
and that they were more numerous during 1891, 1892, and 1893 than 
during the other years. These again coincide with the yearly maxima for 
Parathemisto, and may be the result of a larger migration during these 
years, as was probably the case with Parathemisto, or to circumstances 
favouring a greater local increase; for though the difference in the 
number of the yearly records may be partly accounted for by the greater 
or fewer number of experiments, this does not explain the whole of it. 
Unfortunately the experiments were not carried on long enough nor so 
regularly as to indicate whether the difference shown is due to the actual 
increase or decrease of these organisms, aud whether it was temporary and 
accidental or part of a more or less regular cycle of changes in their 
migration or development. 
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(4.) Tae CaLenTERaTa. 
THE CTENOPHORA AND HYDROMEDUS®. 


The next groups of organisms that are numerically important and 
which may be specially noticed are the Ctenophora and Hydromeduse. 
These include the well-known and beautiful Plewrobrachia, which some- 
times occurs in such immense numbers that they seem to monopolise the 
whole of the water-space where they are. The swarms of these things 
that are sometimes met in with by the Garland are so great that the 
tow-nets, 1f unfortunately in use at the time, are found, when hauled on 
board, to be literally full of these crystal spheres, while little of anything 
else is found in the nets. The appearance of such a mass of Pleuro- 
brachia—each globe, by the rapid movement of its delicate cilia, scintil- 
lating in the light—is wonderful, and cannot be accurately described. 
Beroé is another of the Celenterates that was sometimes met with in con- 
siderable numbers, but not usually in such immense swarms as Pleuro- 
brachia. Various other forms, such as Sarsia, Geryonopsis, Thaumantias, 
dvc., were also observed during the years referred to, but from want of 
time no attempt was made to differentiate the species, and they are there- 
fore usually all included under the name of Ctenophora: on a few occa- 
sions only are Pleurobrachie and a few of the others specially mentioned. 
There are two hundred and ninety-six records of Ctenophora, including 
Hydromeduse, among the lists of tow-net gatherings for the seven years, 
and their distribution for the months and stations is shown by the 
annexed Table :— 


TaBLE XI., showing the Distribution of the Ctenophora and Hydromeduse, 
indicated by the Tow-net Records for the Years, Months, and 
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TABLE XI.—continuwed. 
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1890, 
1891, 


V. 1892, 


1893, 
1894, 
1895, 


Total number of Records for all 
the Months, 
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1894, 
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TaBLE XI.—continued. 


2 | 
| Number of the Records for each Month of each Year. 2 | 
| | 28 
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In 1889 small Coelenterates were abundant in a bottom tow-net gather- 
ing collected at Station IV. in July. In 1890 they were abundant in a 
surface tow-net gathering at the same station in May. In 1891 they were 
abundant in a bottom tow-net gathering collected at Station I. in July, 
and at Station IX. in June; and they were also abundant in a surface 
tow-net gathering at Station IX. in October. Ccelenterates were 
frequently obtained in 1892, but in none of the records for the selected 
stations are they described as abundant. In 1893 they were abundant in 
a bottom tow-net gathering at Station I. in August, and also at Station 
IV. in the same month, but at the latter station they were abundant in 
the surface as well as in the bottom tow-net ; in the same year they were 
also abundant in a surface tow-net gathering at Station V.in May. In 
1894 Coelenterata were abundant in bottom tow-net gatherings collected 
in June at Stations III. and IV., while in August 1895 they were 
abundant in a surface gathering at Station III., and in a bottom gather- 
ing at Station IV. 

From an examination of the annexed Table showing the general distri- 
bution of Ctenophora and Hydromeduse, it will be observed that there is 
a somewhat curious contrast between their distribution and that of 
Sagitta. On comparing the total number of the records of Coelenterata 
and Sagittz for each of the three inner and outer stations, it is found that 
while in the case of Sagitta the larger numbers are those of the outer 
stations, it is Just the reverse with the Ccelenterates, the largest numbers 
being those of the inner stations. ‘This contrast is better seen by arrang- 
ing the numbers of the records of Sagitta and Ctenophora for each of the 
stations, iu juxtaposition as a formula, thus :— 

Formula (1) shows the total number of records of Coelenterata for 
all the six stations, to which the numbers of the records of Sagitta are 
added for comparison :— 


Inner Stations. Outer Stations. 
Numbers of the Stations, — - - - - Uf Ree Wi NALS gies 
Number of Records for each Station (Coelenterata) 62 66 53 44 34 37 
Number of Records for each Station (Sagitfa) - 66 58 56 74 77 74 


It would thus appear that while Sagitta was comparatively scarce at 
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the inner stations, Ccelenterata were more numerous. ‘This difference 
does not seem be merely accidental; it is too general and persistent 
for that being the case, and is possibly due rather to a difference in the 
habits of the two kinds of organisms, but the reason, whatever it is, does 
not appear to be very obvious, An examination of the total numbers of 
the monthly records of Coelenterata for each station, as well as for all the 
six stations, shows one or two other points of difference between the 
distribution of these organisms and that of Sagitta. In the case of these 
Ceelenterates the lowest numbers of records for any of the six stations are 
those for March and April, whereas, in the case of Sagitta, the lowest 
numbers are, with one exception, those for June and July. It will be 
further observed that, if the numbers of the monthly records are separated 
to correspond with the inner and the outer stations, ten of the monthly 
numbers for the inner stations are greater, and some of them considerably 
greater, than the corresponding numbers for the outer stations, while one 
of the other two numbers is equal to, and the second only slightly less 
than, the numbers for the same months for the outer stations, which 
emphasises still further the difference in the distribution of these 
Ceelenterates between the inner and outer stations. This is more clearly 
shown by the Formula (2). 

Formula (2) shows the total number of records of Ctenophora and 
Hydromeduse for each of the twelve months, for (a) the inner stations, 
I., III., and IV.; (0) the outer stations, V., VIII., and IX. ; and (c) for 
all the six stations :— 


Names of the Months, - do 5 b g i bp 2, eee 
of gee eine 28 

. ((a) the Inner Stations, - - 1818 38 4101619 24 8 21 20 20 

Rows number of | (3) the Outer Stations, - 8.10 2 1 946 1p 12.1044, 810 
Month, for (c) all the Six Stations, - - 26 28 5 5 19 32 34 36 18 85 28 30 


That Coelenterates were more numerous at the inner than at the outer 
stations is still further shown by separating the yearly total numbers so 
as to correspond with the two groups of stations as in Formula (3). 


Formula (3) shows the total number of records of Ctenophora and 
Hydromedusz for each of the seven years, for (a) the inner stations, L., 
III., and IV.; (6) the outer stations, V., VIII., and IX.; and (c) for all 
the six stations :— 


Numbers of the Years, - - - - 1889. 1890. 1891. 1892, 1893. 1894, 1895, 


r (a) the Inner Stations 26 4S) 21 34 39 15 ii 
Pe ho! | (O}the Outer Stations, 18° 9°18 95 Bn lan!) we! ke 


Year, for ((c) all the Six Stations, 44 42 36 66 60 238° 25 


This formula shows that the number of yearly records forthe outer 
stations is considerably lower for every year except 1892, when the 
respective numbers more nearly approximate. The highest number for 
the inner stations is that for 1893, and for the outer stations the highest 
uumber is that for 1892, while the lowest numbers for both are in 1894 
and 1895. 


(5.) LarvaL and YounG Crustacea. 


The next group of organisms described in the tow-net records which 
are of numerical importance are the young of various species of Crustacea 
belonging to the Decapoda, Schizopoda, -and Cirripedia. Young and 
larval Crustacea are generally more or less frequent during the summer 
months, and sometimes they occur in great abundance, and because of 
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this, and also because of their nutritive qualities, they form one of the 
most important constituents of fish-food existing in the sea; this remark 
applies, of course, to young Entomostracans as well as to the other 
orders of this great class of invertebrata. The minute nauplei, the larger 
megalops, and other stages of crustacean growth, along with embryo 
mollusca, form, no doubt, the principal food of young fishes of all kinds. 
Mr H. Dannevig, in his paper* describing his experiments in the rearing 
of larval and post-larval plaice and other flat fishes, gives some interest- 
ing observations bearing on the value of young Crustacea as fish food. 
The examination of the stomach of large numbers of young fishes at the 
Marine Laboratory of the Fishery Board for Scotland at Tarbert, Loch 
Fyne, during 1886-87, some of the results of which are published in 
the Board’s Fifth Annual Report, also show that the importance of 
young Crustacea as fish food has long been recognised, and, as a matter of 
fact, their importance in this respect cannot well be overstated. It is 
evident, therefore, that the study of the distribution of these miniature 
forms, and of the influences that govern their increase or decrease, as 
well as the investigation of their life-histories and development, are well 
within the scope of scientific fishery work. 

The records of miniature Crustacea included in the lists of tow-net fauna 
that form the basis of this paper refer chiefly to the young of various 
species of the Decapoda. Among the more common of the larval 
Decapoda included in the tow-net gatherings are those of Portunus (or 
swimming crabs), of Porcellana longicornis, of the Eupaguride (or soldier 
or hermit crabs), and of Nephrops norvegicus (the ‘‘ Norway lobster”). 
The young of Galathea (or what some fishermen call the ‘ bastard 
lobster”) and of various shrimps, such as Crangon and Pandalus, which 
are at times more or less frequent, are also included among these records 
under the general name of young or larval Crustacea. Young Schizopoda, 
as such, are specially referred to in the lists only when they happen to be 
common or abundant; at other times they are included with the young 
Decapods. The larve and young of the Barnacle are more frequently 
recorded separately, but they also are sometimes included with the others, 
and the table of distribution comprises the records of all the three 
groups. The total number of records referring to young and larval 
Crustacea is about three hundred and forty, and an enumeration of them 
is contained in the annexed Table. This Table shows that in some 
respects the distribution of the immature Crustacea is somewhat similar 
to that of the Ceelenterata. If, for example, the total number of records 
of immature Crustacea for each of the three inner stations be compared 
with those for the three outer stations, they will be found on an average 
larger than the others, though this difference is not so marked as is the 
case with Ccelenterata. 

It will also be observed that the yearly maxima of records for the 
various stations are not so regular, and also that the larger of the monthly 
records occur during the summer months. 


* Fifteenth Annual Report of Fishery Board for Scotland. Partiii. Pp. 175-193. 
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TABLE XII., showing the Distribution of the Larval Crustacea (including 
Decapoda, Schizopoda, and Cirripedia), as indicated by the Tow- 
net Records for the Years, Months, and Stations :— 
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TaBLe XII.—continued. 
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There is one aspect of the question of the distribution of these young 
Crustaceans, as well as of that of the various other inveriebrates touched 
upon in this paper, that it is well to keep in view in an inquiry of this 
kind. I refer to the individual frequency or abundance of these organ- 
isms at one time, or at different times, apart from the frequency or rarity 
of their recorded occurrences. In the Table showing the distribution of 
the young Crustacea the maximum numbers of the yearly records are, speak- 
ing generally, those for 1891, 1892, and 1893 ; while, on the other hand, 
if the individual frequency of the creatures be taken into account, the 
results brought out will be somewhat different. For example, young 
Crustacea are described as abundant in four of the records for 1890 
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—viz., twice for Station I. in July, and once for Stations V. and VIII. 
in September. They are described as abundant in four of the records for 
1891—-viz., once for Station VIII. in May, once for Stations IIT. and IX. 
in July, and once for Station I. in August. They are recorded as abun- 
dant three times in 1892—once for each of the three Stations V., VIIL., 
and IX. in September. Young Crustacea are described as abundant five 
times in 1893, once for Station I. and twice for Station III. in July, 
and also twice for Station V. in June. In 1894 there are over twenty 
records of young Crustacea, but in none are they described as abundant 
unless the three April records of young Balani (for Stations I., II1., and 
IV.) be counted. On the contrary, in 1895 young Crustacea are described 
as abundant no fewer than twelve times, once at each of the three outer 
stations (V., VIII., and. IX.) in April, once at Stations III. and V. in 
August, once at Stations I., III., and VIII. in September, and once at 
Stations I., IIL, and IV. in October—thus indicating that, notwithstand- 
ing the difference in the number of records when compared with those 
for 1891, 1892, or 1893, young Crustacea were locally more plentiful in 
the estuary and its vicinity in 1895 than during the other three years 
referred to. 

The number of separate records of young Schizopoda is thirty-two for 
the seven years, and their distribution is indicated by the following three 
formule :— 


Formula (1) shows the total number of records of Schizopoda for each 
of the stations :— 


Number of the Stations, = : Peers Ves We AUIS IDK 
Total number of Records for Sah Sta om = = 12 4 0 3 7 6 


Formula (2) shows the total number of records of Schizopoda for each 
of the twelve months :— 


Names of the Months, as 5 5 = be ep =I re S 3 
; Seed 54a S2480 
Total number of Records for each Month, eNO Ray Gye voter as Aa lela i 


Formula (3) shows the total number of records of Schizopoda for each 
of the seven years :— 


Numbers of the Years, - - 1889. 1890. 1891. 1892. 1893. 1894. 1895. 
Total number of Records for uals Year Span) 16 6 1 4 0 0 


The separate records of young Balani number lifty-eight. These larval 
Crustaceans are described as abundant in 1891 at Station I. in April, and 
in 1892 at Station III. in April. In 1893 they appear to have been 
plentiful at the inner stations, and are described as abundant in a surface 
tow-net gathering at Station I. in April, in the bottom tow-net at 
Station III. in June, and in a surface tow-net gathering at Station IV. in 
April. In 1894 young Balan are described as abundant in the bottom 
tow-net gatherings collected at Stations I., III., and LV. in April. In all 
the other records of these immature Crustaceans they are either described 
as common or few. ‘Theirdistribution is indicated by the following three 
formule :—— 


Formula (1) shows the total number of records of young Lalani for 
each of the six stations :— 


Numbers of the Stations, - - | iegdives Std OA Vie VEU? EX: 
Total number of Records for seh Sieieeny 2 “ U2 We U7 3 8 6 


This formula shows that young Balani were, as might be expected, more 
numerous at the three inner stations, and that the highest number of 
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records of these three stations is that for Station IV. This difference in 
the numbers of the records of these young forms is satisfactorily explained 
by the fact that the greater number of the Barnacle tribe, in our seas at 
least, are to be found attached to rocks, stones, and other objects inshore, 
and that there the young are usually to be found. 


Formula (2) shows the total number of records of young Balani for 
each of the twelve months for all of the six stations :— 


Names of the Months, da & e ee eb Bees 
See aes 62 ¢ oee 
Total number of Records for each Month, 0.0. 1-27 14 107.4250 <0 os 


It is evident from the numbers in this formula that the Balanz hatch 
out principally in April, and that after April there is a rapid diminution 
in the production of larval forms, after which a more or less complete 
cessation takes place, there being not a single record for all the six 
months from September to February. 


Formula (3) shows the total number of records of young Balan for 
each of the seven years for all the six stations :— 


Numbers of the Years, - - - 1889. 1890. 1891. 1892. 1893. 1894. 1895. 
Total number of Records for aon Year, - 4 9 20 7 11 5 2 


The number of records for 1891 is greatly in excess of that for any of 
the other seven years, but'the reason for this marked difference does 
not seem to be very clear. 

But the records of young Schizopoda and Balan form a comparatively 
small part of the whole number. The largest proportion of the three 
hundred and forty records of young and larval Crustacea are those of 
various species of Decapods, as has already been stated. But resuming 
consideration of the young Crustacea, we find by an examination of the 
general Table of Distribution that with one exception there are no records 
for January and February in all the seven years and for all the stations. 
After this a sudden increase is observed over all the stations, so much so 
that in regard to two of the stations the maximnm of records is reached 
in April. From this time the number decreases somewhat till August, 
when a marked extension occurs over all the stations, the number after- 
ward gradually diminishing till November. In December there is a 
somewhat sudden drop to one or two records, or, in the case of two of the 
stations, to none atall. This sudden increase and subsequent continuance 
of the moderately high numbers of the monthly records till November is 
an indication that in March and April an extensive and more or less simul- 
taneous hatching of Crustacean ova takes place, and that it continues 
more or less all through the summer and autumn and on till about the 
end of the year. Of course it is not suggested that it 1s the same species 
that produces these young forms all the year through, but that the ova 
of different species hatch out at different seasons and thus keep up the 
supply of larval and young forms. The subjoined formule, prepared from 
the numbers in the Table of Distribution, show more clearly by the 
arrangement of the numbers in this way some of the special features 
referred to in the distribution of the young and larval Crustacea. 


Formula (1) shows the total number of the records of young Crus- 
tacea for each of the six stations, which are divided into inner and outer 
stations :— 

Inner Stations. Outer Stations. 


Number of the Stations, - - | Aaatens! 0 trod AC VS OV ATs exe 
Total number of Records for each ‘Station, - 70 ~=660 55 56 49 50 
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This formula shows that Station I. has a higher number of records than 
any others, and that the total number of records for the three outer 
stations is 155, while the total number for the three inner stations is 185, 
or fully 16 per cent. more than the outer. | 


Formula (2) shows the total number of records of young Crustacea for 
each of the twelve months, for (a) the three inner stations, I., III, and 
IV.; (0) the three outer stations, V., VIII, and IX.; and (c) for all the 


six stations :— 


Names of the Months, a 2 8 e eS Z Ee Sore eh 
Ses a See eo ae 

__. ((a) the Inner Stations, - 0 1 429 2214 27 30 16 2614 2 

Ee ees the Outer Stations, - 0 0 220 23 121729251310 4 
Month, for —_((¢) all the Six Stations. - 0 1 6 49 45 26 44 59 41 39 24 6 


Formula (3) shows the total number of the records of young Crustacea 
for each of the seven years, for (a) the inner stations, I., III, and IV.; 
(6) the outer stations, V., VIII., and IX.; and (c) for all the six 
stations :— 


Numbers of the Years, - - - - - 1889. 1890. 1891. 1892. 1898. 1894. 1895. 


(a) the Inner Stations, 19 32 38 38 38 Wl 24 
Tote Bamber of r De Onn Cae ee ene) RP EG ENT, 


Year, for (c) all the Six Stations, 36 60 64 55 59 2 46 


But besides young and larval Crustacea there are other immature forms 
mentioned in the lists of tow-net gatherings, and among them are occa- 
sional records of embryo and young Mollusca (including Gasteropoda, 
Lamellibranchiata, and Cephalopoda), young and larval Annelides, as well 
as plutei and other immature stages of star-fishes. 

Infusoria and microscopic alge are also described as being occasionally 
in greater or less abundance, but the records of these forms are few in 
number. 

There are occasional records of larval and post-larval fishes among the 
lists of tow-net gatherings, but they also are comparatively few. 


(6.) Pretacic FisH Ova. 


There are a considerable number of records of pelagic fish ova among 
the published lists of tow-net gatherings collected during the seven years. 
These records, which for the sake of clearness are arranged in tabular form 
similar to the other Tables, show that the total numbers for the inner and 
outer stations are in inverse ratio to the records of young Crustacea for 
the same stations, and this difference may probably be accounted for by 
the outer stations being nearer to the more important spawning grounds 
situated in the vicinity of the estuary. © 
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TasLE XIII., showing the Distribution of Fish Ova, as indicated by the 
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Tow-net Records for the Years, Months, and Stations. 
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if, 1892, -|-|- | 1 | 1 | 1 ysd | i= s) = 4a 
1893, PVA Ie G8 ee 
1894, gs ng es Rec i eaten a 
1895, Se loth aa ak | -|-|-|-]-]- 
Total pyar Monae for all sled 2) bb blats alee a tall eg ee oe 
1889, pe his tava ae ce ear {= ll ae ae 
TRGO;: MSs ues et ae a eee 
1891, | sal eeanee este tape ere Peas (Pelee nities ome | = 
Ill. 1892, ears Sltann aks Heciiecssy tt he Slee Sa eee eet een 
1893, RU tern eae me emsimar oso | 
1894, bey ee RAR a ee PE eT EL ee oe 
1895, Se 
| | 
Total aera oe ea eon for all TAY Th Sele salecl il Ao <a tec eee hae 
1889, Sh Se ere) eT Lae | mee) ita Reon e| | 7 
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1891, Sl = em | DD a ee a |e 
ve 1892, = =e) S28] hole lag) ah = 1b aa ea a ae 
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TaBLE XIII.—continued. 


Number of the Records for each Month of each Year. 


Three Outer Stations. Years. 


otals for the Years 
and Stations. 


es 


1889, . -};-f-] - 
1890, . =o ee 


1 

i 
UES raed ss ON De, We de te 

Vi. 1892), 5%. sss te a lade 

i 


TIGER hn eee re | ese 
TSS actin sehen (Al sag i a a ei ea nee ea 


(Te PRo ISS Rate ery OS) eT 


189555. - -|- 1 1 - = ii = = 


Total number of Records for all 
the Months, ics eer Gate 2a) 2/03 ile pee 


1889, 


1890, 


1891, 
VIII. 1892, 
1893, 


1894, 


1895, 


Total number of Records for wat 


the Months, 
| | 1889, | 
| | 1890, . Selle J) COS ie 6 Lidl eee AO eas pee eet he, at 
BUCS) op 210) ee RS ea i TG i eG ee le Fe 
IX. SOF mene SEY pice te a LN lee fe Bi tae ee ie ec ees |i ee rae ¢ 
TCOSe eet Res 1094) oem Seales lop yal  Wre aca 
1894, . Se NE) lV eae el Ll ed col ah aril (as 
SREP sho Sel ap fa ae i WN testa ekg I 
Total number of Records for all)| . 
the Months, Deere) vole te Sb. te, | AON Soo S ust ant enean ieee eaten OG 


It will be seen by a glance at the annexed Table that while the number 
of records of fish ova for Stations I., III., and IV. are 16, 11, and 14 
respectively, those for the outer stations, V., VIII, and IX., are 22, 21, 
and 26. Moreover, it may be stated in connection with this difference 
between the inner and outer stations, and as tending to emphasise it, that 
the inner stations were examined a greater number of times than the outer 
stations, owing to the outer stations being more exposed, and therefore less 
easily examined during bad weather. 
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Formula (1) shows the number of records of pelagic fish ova for each 
of the six stations, thus :— 


(2) Inner Stations. (6) Outer Stations. 
Numbers of the Stations, : ile iO IV. We WAKE TX. 
Total number of Records for aac Station, 16 11 14 DD, Hl 26 


This formula exhibits a marked difference between the number of 
records for the inner and outer stations, those for the outer stations being 
considerably larger. The total numbers for each of the two groups of 
stations are 41 and 69 respectively, showing a difference of 28 in favour 
of the outer stations, which is equal to nearly 41 per cent.—a difference 
which, as already stated, is doubtless owing to the outer stations Dens 
nearer the more important spawning-grounds. 

Formula (2) shows the total number of records of pelagic fish ova for 
each of the twelve months, for (a) the inner stations, I, III, and 
IV.; (0) the outer stations, V., VIII., and IX.; and (c) for all the six 
stations :— 


Names of the Months, Sei @ > g be ee eS 
Se sass 6 4 flonere 

: (a) the Inner Stations, : 00 01114 9 8 3 0 ae 
rege the Outer Stations, 2-8°6 13 18° 8° 770 ane 
Month, for | (¢) all the Six Stations, - 2 6 6 2432 17 10100 | loud 


The monthly maxima of the records of pelagic fish ova, as might be 
expected, are to be found in the early spring and summer months, those 
for April and May especially being considerably higher than for the other 
months. The arrangement of the numbers to correspond with the inner 
and outer stations brings out another contrast between them: for the 
inner stations there are no records of fish ova till April, nor are there any 
after October, but for the outer stations there are two records in January, 
six in February and in March, and one in December ; while with the 
exception of June the numbers for the five central months are consider- 
ably above those of the corresponding months for the inner stations. 
This seems to indicate that spawning outside begins at a comparatively 
early period of the year, and may continue more or less over all the 
months: inside the estuary, on the other hand, spawning is later in com- 
mencing, and rarely continues beyond the month of August. It is pro- 
bable that some of the ova collected at the inner stations may have 
drifted in or been carried in by currents from the outside, but it is also 
well known that there are a number of fishes, whose eggs float, that spawn 
within the estuary, so that the majority of the records for the inner 
stations are those of fishes that have really spawned there. 

The next Formula (3) shows the total number of records of pelagic 
fish ova for each of the seven years for (a) the inner stations, (6) the 
outer stations, and (c) for all the six stations :— 


1889. 1890. 1891. 1892. 1893. 1894. 1895. 


: (a) the Inner Stations, = 2) he NAS 
Rea © the Outer Stations, - 3 8 16 18 8 7 9 
Year, for {(c) all the Six Stations, - 5 15 30 2 18 Ul 12 


The largest number of records are those for 1891 and 1892. Another 
point in connection with the distribution of the pelagic fish ova, as shown 
by the published tow-net records, is the occurrence of them in several of 
the bottom tow-net gatherings. The records show that pelagic fish ova 
were found in bottom tow-net gatherings on eight different occasious, and 
it is noteworthy that on a few of these occasions no fish eggs were 
observed in the surface tow-net, This feature in the distribution of the 
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pelagic fish ova cannot be shown in the Table, but is clearly indicated in 
the chart showing the comparative frequency of fish ova during the 
various months and years for all the stations. Pelagic fish ova. were 
found in the bottom tow-net in 1889 at Station IV. in June ; in 1890 at 
Station IV. in April and May, and at Station V. in May; in 1891 at 
Station I. in May, and in the same month at Station IV.; in 1892 at 
Station VIII. in May; and in 1894 at Station III. in April. In the 
records for all the seven years pelagic fish ova are three times described as 
abundant, and this only in 1894, when they are so described once for 
each of the three outer stations. 


(go) EXPLANATION OF THE CHARTS (Pirates IV... To VII). 


Before concluding this paper on the tow-net gatherings collected in the 
Firth of Forth in connection with the trawling investigations of the 
Fishery steamer Garland during the years 1889 to 1895, and pub- 
lished in the Annual Reports for these years, I desire to say a few words 
about the charts appended hereto, by way of explaining their contents. 
These charts are intended to supplement what has already been said con- 
cerning the distribution of a few of the organisms that are numerically or 
otherwise of greater importance than the others in their relation to. 
fishery questions. The charts exhibit certain important features respect- 
ing the distribution of these organisms that could not be readily shown 
in the Tables, by indicating concisely and graphically the relative scarcity 
or abundance of these organisms as well as their distribution vertically 
and horizontally. The years and months are arranged in regular 
sequence along the top of each chart. Where the organisms are present 
in the tow-net gatherings they are indicated under four degrees of 
frequency, viz. :—(1) as abundant, represented by the contraction ‘‘ ab.” ; 
(2) as common, represented by “com. ”; (3) as frequent, represented by 
“‘fr.”; and (4) as few or rare, represented by ‘‘f. or r.”; if the organisms 
are altogether absent or are not referred to in the tow-net lists, this fact 
is indicated by the word “ none,” which is the last in the series. These 
abbreviations are used for each of the six stations, and are arranged along- 
side of them. The tow-net records for each month are represented by 
round dots; the dots are arranged to show whether the species referred to 
on the chart was abundant, common, frequent, few or rare, or absent in 
the gathering represented. Moreover, these dots are joined together by 
thick or thin lines: the thick lines show that the records are for bottom 
tow-net gatherings, and the thin lines for surface tow-net gatherings. 
When the distribution of two organisms or groups of organisms are repre- 
sented separately on the same chart, they are distinguished from each other 
by using black and red lines. There is one other point in connection 
with the charts that requires to be explained. It has been stated that, 
for various reasons, the selected stations were not examined every month 
during the seven years, and that there are now and again omissions of the 
monthly records of tow-net fauna, either because no trawling was done, 
or if done that the usual lists of the contents of the tow-nets could not be 
prepared. ‘The months when such omissions occurred are indicated on the 
charts by the thick and thin lines when crossing the column or columns 
under these months being discontinuous. 

The first chart (Plate IV.) illustrates the distribution of Calanus 
Jinmarchicus and Temora longicornis. The first is shown by the black 
lines, the other by the red lines. 

The second chart (Plate V.) illustrates the distribution of Sagitta 
bipunctata and the Ceelenterata. Sagitta is represented by the black 
lines, and the Ceelenterata by the red lines. 

©) 
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The third chart (Plate VI.) illustrates the distribution of the larval 
and young Decapod Crustacea (including the Schizopoda) and that of the 
larval and young Balani. The Balani are represented by the red lines, 
the others by the black lines. 

The fourth chart (Plate VII.) shows the distribution of the pelagic fish 
ova so far as that is indicated by a study of the tow-net records for the 
seveli years. 

The following list contains the names ofall the species of Mollusca and 
Crustacea referred to in the preceding notes, and of Sagitta and 
Tomopteris, and the stations where each was obtained :— 
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_ Names of the Species. 


MOLLUSCA. 
NUDIBRANCHIATA. 


Doris sp. (? repanda, A & H.), 
Doto coronata, Gm., - - 
Eolis sp. (1), - - - 
Holts sp. (2), - . - 


1 is 1 ' 


LAMELLIBRANCHIATA. 
Cuspidaria cuspidata (Olivi), — - 


PTEROPODA. 


Limacina retroversa (Flem.), 
Clione borealis (Brug.), —- = 


CRUSTACEA. 
DECAPODA. 


Macropodia rostrata (Lin.), - 
Crangon allmanni (Kin.), - 

Egeon fasciatus, Risso, - - 
Cheraphilus nanus (Kroyer), — - 
Hippolyte varians, Leach, - : 
Hippolyte fascigera, Gosse, - 
Sprrontocaris pusiola (Kroyer), - 
Pandalus montagui, Leach, - 
Pandalus brevirostris, Rathke, - 


SCHIZOPODA. 


Boreophausia raschit (M. Sars), 
Thysanoessa neglecta (Kr.), - 
Siriella jaltensis, Czern., - 
Siriella armata (M‘Edw.), - 
Gastrosaccus spinifer (Goes.), 
Heteromysis formosa, 8. L. Smith, 
Erythrops goesti, G. O. Sars, - 
Mysidopsis didelphys (Norm.), - 
| Mysidopsis gibbosa, G. O. Sars, - 
Mysidopsis angusta, G. O. Sars, - 
| Leptomysis gracilis, G. O. Sars, - 
Leptomysis linggura, G. O. Sars, 
Hemimysis lamorne (Couch), - 
Macropsis slabbert (Van Ben.), - 
Praunus flexuosus (Miiller), - 
Praunus inermis (Rathke), - 
Schistomysis spiritus, Norm., _ - 
Schistomysis ornatus, G. O. Sars, 


CUMACEA. 


| Iphinoé trispinosa (Goodsir), — - 
umopsis goodsirt (V. Ben.), —- 
Leucon nasicus, Kroyer, . - - 


Diastylus rugosa, G. O. Sars, - 
Pseudocuma cercaria (V. Ben.), - 
| Campylaspis rubicunda (Lillj.), - 
| Petalosarsia declivis (G. O. Sars), 


Neomysis vulgaris (J. V. Thomp.), 


| Eudorella truncatula (Spence Bate), 


' ' ' ' 


Station I. 


XXX XK XXX x xX 


x xX 


x xX 


x 


xXx XXX 
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Station ITI. 


x 


xX XX 


| 
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Stations. 
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Station IX. 


PRECEDING NoreEs, AND SHOWING THE STATIONS WHERE THEY WERE OBTAINED. 


Remarks. 


x 


x Xx x 


x 


xX X X 


xX XX 


1890, in November. 
1890, in December. 
1891, in April. 
1895, in May. 


1893, in April. 


Not uncommon. 


1889, Jan.; 1893, Dec. 


1890 & 791, Oct. & Aug. 
Frequent. 

1891, in September. 
Not very rare. 

1890, December. 

1894 & ’95, Jan., Feb. 
1895, February. 

Not rare in tow-nets. 
1881, March, Sept. 


Mod. com., 1889-90. 
Mod. com., 1891-92. 
1893, March. 

1892, March. 

Not uncommon. 
1894-95, Aug., Feb. 
Frequent. 

1890-91, March. 
Not uncommon. 
1891, March. 
1890-91, Oct.-Dec. 
1892, March. 

Not very rare. 
Locally frequent. 
Locally frequent. 
1895, February. 
Not uncommon. 
Frequent. 

Locally frequent. 


1889-90, July, Feb. 
1891, September. 

Not very rare. 

Not very rare. 

Not very rare. 
Frequent. 

1893, April ; 1894, Aug. 
1893, April. 
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Stations. | 
N sof the S 1eS i 3 2 = LA | R 
ames of the Species. aia eile = | temarks. 
r= al Rae = as P= Ba Wi = Sh eS 
2 2 We oe Alea 
+ ~~ ~ be » » bef 
DI NWN\| nil n| an 
ISOPODA. 
Gnathia (2) maxillaris (M‘dw.), - x | 1890, March. . 
Eurydice pulchra, Leach, - - - x 1890, November. 
Idothea baltica (Pallas), - - ~| & 1 ke)oK Kalk ox S Bireqamemms 
Idothea emarginata (Fabr.), - - | X 1891, May. 
Tdothea linaris (Lin.) E - x 1893, January. 
Jania maculosa, Leach, - - - x | 1890, April. 
AMPHIPODA. 
Hyperia galba (Mont.), — - - 0) Ko eR Re | ok aBirequienatie 
Hyperoche tauriformis (Bate), - | & 1K aggel Kk ex |) 264 ae Birecioeme: 
Parathemisto oblivia (Kr.), - -{|x |x |x {|x | x | x | Sometimes common. 
Euthemisto compressa (Goes), - - x 1892, Feb., Nov. 
Callisoma crenata (Bate), - - - | X x | x | x | 1890, Oct.; 1893, Nov. 5 
1895, Dec. 
Hippomedon denticulatus (Bate), - x | 1894, February. 
Bathyporcia sp., : - - - x 1894, February. 
Ampelisca sp.,  - - - = - x 1891, October. 
Stenothoé marina (Bate), - - - x x | 1890, April. 
Argissa hamatipes (Norm.), - - | X x | x | x | Notuncom. at Outer St’ns. 
Metopa alderi, Bate, - - - Se ep cal ie x | x | x | Notrarein bot.gatherings. 
Periocalodes longimanus (Bate), - - x sla | x= 3) regrets 
Iphimedia obesa (Rathke), - - - x 1892, January. 
Apherusa bispinosa (Bate), - a | et x | | ct ok sh reg uments 
Apherusa borealis (Boeck), - mm hk. AM Not very rare. 
Paratylus swammerdami (M‘Bdw.), - | X | X | x | Xx Frequent. 
Dexamine sp.,  - - - - x Rare. 


Melphidipella macera (Norm.), - - ; x 1892, March. 


Amathilla homart (Fabr.), - - - x 1892, December. 
Gammarus sp., - - - - - x Rare. 
Gammaropsis erythrophthalmus, Lill}., x 1890, December. 
Dulichiasp.,  - - - - - x | Rare. 
Pariambus typicus (Kr.), - - - (2) | (2) x | x | Not uncommon, 

CLADOCERA. 
Evadne nordmanni, — - - - - x }x tx 1x | x | Frequent. 
Podon (*) polyphemoides, — - - - > Sel fhe, § x | x | Not uncommon. 
COPEPODA. a 

Calanus finmarchicus (Gun.), — - At he eles, a wees Se eho Common. 
Pseudocalanus elongatus, Boeck, i} x | x | x [ % Tox xo reg atentt: 
Temora longicornis (Miill-) - ~ 1) KE TR 1 eo | RSP Common: 
Centropages hamatus, Lill}., - eile x 1889, June; ’95, May, Dec. 
Oentropages typicus, Kr., _- - - x | x | x | 1889, Aug. ; 1890, Oct. 
Metridia hibernica (B. & R.), - - x | 1892, May. 
Candace pectinata, Brady, - - -| x x | x | x | x | Not very rare. 
Acartia sp., - - - - ~ 1 foe [i x Pog ox, Comment: . 
Anomalocera patersont (Temp.), - | x x x | x 10% | 36 Bireguent: 
Parapontella brevicornis (Lub.),= - | xX 1893, June. 
Oithona (2) similis, Claus, - - - xX x Occasionally frequent. 
Thalestris longimana, Claus, - - x 1891, June. 
Thalestris serrulatus, Brady, - -} (2) x | 1891, June. 
Alteutha depressa (?) (Baird), _ - ae el Rl: x (?) | Not very rare. 
Dermatomyzon nigripes (B. & R.), = | X 1894, August. 
Monstrilla sp., - - - - SP ota Re Las at Rion sth: 1890-92, Aug., Oct. ; 1898, 
Oaligus rapax (Miller), - : -| ~» |x | Px x Tox A aiireguent: [Oct. 


ANELLIDA and MEDUSA. 


Sagitta bipunctata, G. & G.,  - 5 ge: x 
Tomopteris oniscifrucis, Wsch., - Sa hos a aaa i 2 
Aurelia aurita, Lam., - -| X x 


x | Common. 
x | Frequent. 
Sometimes common. 
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